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ERRATA CORRTGE
I a pag. 55: I
CRASPEDOSOMIDA
Craspedosomoidea
Ceratosphydae
Ceratosphys maroccana n.sp.
Loc. typ.:
Maroc, Moyen-Atlas, regIOn de Taza, Gouffre du Friouato,
altitude 1500 m, mars 1968, colI. H. Coiffait, 1d' holotype, 1d'
1 S? paratypes.
Caracteres morphologiques externes:
30 anneaux; coloration pale avec seulement une faible pig-
mentation rosatre sur les prozonites, brun-clair dorsalement
sur les metazonites entre les boursou£lures dorso-Iaterales et
sur les £lanes; les boursou£lures sont depigmentees; tete, an-
I a pag. 69: I
The anatomy and histology of the alimentary tract
of the blind catfish Horaglanis krishnai Menon
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The Invertebrate Faunas of Tropical American Caves,
Part 6: Jumandi Cave, Ecuador
Stewart B. Peck •
SUMMARY
Twenty-two species of invertebrates are reported from Jumandi Cave.
Napo Province. Ecuador. Three are probably trogloxenes. and the other
19 are troglophiles. The o.nly troglobite is the catfish Astroblepus pholeter.
Little is known of the cave faunas of Ecuador. In fact, early
cave reconaissance expeditions to Ecuador had difficulty in
locating any caves (Gurnee, 1967). However, even though much
of the country is covered by Pleistocene volcanic rocks, a
surprising troglobitic fauna has been found in lava tube caves
in the Ecuadorian Galapagos Islands (Leleup, 1968, 1970).
On the east facing slopes of the Andes mountain range lie
various outcropings of Cretaceous limestones. In one, in the.
Amazonian headwaters of the Rio Pastaza (Province of Morona
Santiago), lies the Cuevas de los Tayos (cave of the guacharo,
or oilbird, Steatornis caripensis Humboldt). These remote and
difficult to reach caves were the focus of an expedition in 1976
of a combined team of Ecuadorian and British scientists, sup-
ported by the Ecuadorian and British Armies. British cave
biologists on the team were Drs. W.P. Ashmole and J.T. Jefferson.
It is hoped that they will soon prepare a report on their cave
faunal findings .
• Department of Biology. Carleton University. Ottawa. Ontario. Canada
KIS 5B6.
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Also in 1976, during a three month study of forest litter
beetles (Peck and Kukalova-Peck, 1979), I had the opportunity
to study the fauna of the most popularly known Ecuadorian
cave. This is the Jumandi Cave, located 4 km N of the village
of Archidona, at 600 m elevation, north of the town of Tena,
in Napo Province. The caves were first brought to scientific
attention with the description of a cave-evolved catfish that
is endemic to them (Collette, 1962). Since then, N. and J. Leleup
have collected some invertebrates in the cave, which were
described by 1. Chopard and A. Vandel (in Leleup, 1968, 1971).
Strinati (1971) noted the presence of the two troglophilic Ju-
mandi isopods (described by Vande!) in his review of South
American biospeleology. More recently, Balazs (1972) has
carefully prepared and published a map and description of the
physical conditions of the cave. It is essentially a single stream
passage, 791 m long, with an additional 408 m of side corridors
(Figures 1 and 2l. The upper galleries are generally dry. The
cave passages generally have vertical walls and a flat ceiling,
in a dark and silty limestone. The shallow cave stream occupies
most of the cave floor and extensive silt banks are present.
The cave stream contains much finely divided plant debris
so waters must enter somewhere upstream through relatively
large openings. This debris feeds an acquatic invertebrate
community composed only of mayfly nymphs and shrimp.
No amphipods or isopods could be found. The stream water
temperature was 22°C, as was the soil and air. The cave catfish
probably feeds exclusively on mayfly numphs (and plant
debris?) . A normally pigmented characin fish, Piabucina, is
also known from the stream and it is probably this that we saw
but could not catch. The catfish is probably protected from
competition with the many other fish in the streams outside of
the cave by the 2 m high waterfall just inside the cave entrance.
This prohibits other fish from entering the depths of the cave.
We saw several of the catfish, caught one, and were impressed
by the way they can use their mouth, modified into ventral
sucker, to hide under and adhere to stones in the rapidly
flowing stream.
Bats are scarce and localized in the cave. No large guano
piles with teaming masses of gnanophiles, so common in tropical
caves, were found. But much of the fauna that was present
was localized near what little guano there was.
To avoid swimming across the deep pool at the base of the
waterfall just inside the cave entrance, one can climb up the hill
over the cave entrance and follow the trail straight back across a
terrace to a fence. Following this to the north brings one to a
large grove of trees growing out of a large doline sinkhole
Cave Fauna of Ecuador
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Fig. 1 - Map showing entrance portion of the Jumandi Cave (from
Balazs. 1972).
forming the upper entrance to the cave. This takes one into
the cave stream above the waterfall.
In addition to regular hand collecting techniques, we kicked
the stream bottom stones in front of an aquatic net, and used
a very small light over a suction trap for Diptera (such traps
are standard for sampling Phlebotomine sandfliesl. This last
produced no results.
ANNOTATED INVERTEBRATE FAUNAL LIST
Phylum Mollusca
Class Gastropoda
Family, genus, and species undetermined.
Several live, small, white snails were found on silt bank
deep in the cave. Troglophile.
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Phylum Arthropoda
Class Arachnida
Order Amblypygi
Family Phrynidae
Heterophrynus sp., W.A. Shear det.
These large, tailles whip-scorpions were abundant on the
cave walls. They probably feed on the Aclodes crickets.
Troglophile.
Order Opiliones
Family Gonyleptidae, VV.A.Shear det.
Genus and species undetermined.
This family is taxonomically very confused. A large female
and several white immatures were found. The adult colora-
tion was an orange that is uncommon in the family. The
immatures were most commonly found near the hanging
webs of mycetophilid flies near the stream level in Paso
de Dos Pisos. Troglophile.
Order Araneae
Family Dipluridae
lshnothele sp.?, N.J. Platnick det.
This macrotheline was represented by many specimens,
but all were females. This hunting spider occurred at the
edges of guano piles and on stream silt banks. Troglophile.
Family Theraphosidae
Genus and species undeterminable, N.!. Platnick det.
This is a juvenile tarantula, with an eye teratology, missing
two on one side of the head. Troglophile?
Class Crustacea
Order Isopoda
Family Oniscidae
Andenoniscus narcissi Vandel (described in Leleup, 19(8).
The species was described from a single specimen. I found
what I think to be many of this specices. Troglophile.
Family Styloniscidae
Cordioniscus leleupi Vandel (described in Leleup, 1968).
I did not find this species in the cave, the type locality.
The genus is also known from caves in Mexico. Even though
the eye is reduced to only three facets, Vandel considers
it a troglophile.
Order Decapoda
Family Palaemonidae
Macrobrachium. brasilense (Heller), RR Hobbs, Jr. det.
One male was caught in the stream, and others of this
large shrimp were seen. This seems to be the first report
of this species from a cave, but other members of the genus
are frequent in caves in the Caribbean region.
Cave Fauna-of Ecuador 5
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Fig. 2 - Map showing terminal portion of the Jumandi Cave, and inset
of the cave location in Ecuador (from Balazs, 1972).
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Family Pseudothelphusidae?
Potamocarcinus sp.?
The claw of a large freshwater crab was found in the cave,
but no other indications of crabs were found. Trogloxene?
Class Diplopoda
Order Polydesmida
Family Oniscodesmidae
Oncodesmus sp.,W.A. Shear det.
Males and females were found near guano patches. The
genus was described by Kraus from Peru. Troglophile.
Family Trichopolydesmidae
GL~i.stoella (?) sp., ,W.A. Shear det.
Taken from guano. The genus was described from Peru
by Kraus. Troglophile.
Class Insecta
Order Collembola
Family Entomobyridae
Trogalop"hysa sp., K. Christiansen det.
Several of these pale collembola were taken on guano.
The species is undescribed. Troglophile?
Family Oncopoduridae
Oncopodura sp., K. Christiansen det.
This undescribed species, from guano, was represented by
only one specimen. Troglophile?
Order Diplura
Family Campodeidae
Litocampa sp., L.M. Ferguson det.
Two females of an undescribed species were found on silt
banks. The species has similarities with the endogean
species Litocampa brasiliensis (WygodJ. Troglophile.
Order Ephemeroptera
Family Ephemeridae
Euthyplocia sp.
This genus has been identified from remains found in the
stomach of the cave catfish (Collette, 1962) and these may
be the mayflies that we found in the stream. Trogloxene?
Order Blattaria
Family, genus, and specie undetermined.
An 8 mm long, lightly brown colored, fully winged roach
was found on a silt bank. Troglophile?
Order Orthoptera
Family Grillidae
Aclodes leleupae Chopard (described in Leleup, 1970).
This cricket genus is also found in caves from Trinidad to
Panama. Trogloxene?
Order Hemiptera
Family Cydnidae
Cave Fauna of Ecuador 7
Pangaeus moestus (StaLl, R.C.Froeschner det.
These bugs were clustered around guano patches in the
Galeria de Carlos Negro. The extremes of the range of
this poorly known species are Guatemala, and Rio de
Janeiro, Brazil (Froeschner, 1960). Troglophile.
Order Coleoptera
Family Carabidae
Pachyteles sp., G.W. Bal det.
These oezanine carabids were at guano in the Galeria de
Carlos Negro. Other Pachyteles occur in caves in Mexico.
Troglophile.
Family Catopidae
Adelopsis sp., S.B. Peck det.
On guano throughout the cave, common but scattered.
Several distinct populations of this genus are known
from caves in Trinidad and Venezuela. Troglophile.
Family Staphylinidae
I1theta sp., S.B. Peck det.
These small aleocharines are abundantly found in caves
in virtually all countries. Troglophile.
Order Diptera
Family Mycetophilidae
Genus and species undetermined.
The suspended webs of this fungus gnat were found near
the cave entrance and throughout the cave, especially
under ledges above the stream. No adults were seen. The
genus' may be Orfelia or near it. See peck ,and Russell
(1976) for a review of web spinning flies, and Jackson
(1974) and MatHe (1977). Troglophile.
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Nouvelles donnees morphologiques
et caryologie du Triclade hypoge pyreneen
Dendrocoelum lescherae
Nicole Gourbault •
SUMMARY
The study of a new strain of the hypogeous Tricladida Dendrocoelum
lescherae has demonstrated the very low anatomical variability of this spe-
cies. The chromosome complement was found to be 2n = 32; measurements
of somatic mitoses have shown that these elements are metacentric; the
gametocytes possess 16 bivalents. Number and morphology of the chromo-
somes are similar within the subgenus Dendrocoelides.
Si les Triclades paludicoles hypoges sont consideres par
certains auteurs comme des animaux sporadiques, rares et in-
feodes it une grotte ou- un aquifere unique, il apparait que c'est
essentiellement en raison des difficultes d'acces it leur biotope.
Celui-ci correspond Ie plus souvent au reseau de fentes des
karsts ou aux terrains it permeabilite d'interstices et en particu-
Her aux sousecoulements des cours d'eau tant souterrains que
subaeriens (Gourbault, 1972, 1973).
Ainsi Ie dendrocoele ocule, Dendrocoelum lescherae Gour-
bault, 1971,dont une douzaine d'exemplaires avaient ete obtenus
par pompages apres pose d'appats en un point du ruisseau du
Volp (Montesquieu-Avantes, Ariege) en avril-mai 1969et janvier
1970, n'it plus ete recolte qu'une seule fois par la suite, en cette
meme station, tous les autres essais de capture ayant ete nega-
tifs. Cet etat de fait pourrait donc venir ici it l'appui de la the-
se des anciens auteurs. Toutefois, il s'est avere que les speci-
mens recueillis it l'exutoire d'une petite nappe superficielle du
* Laboratoire des Vers, associe au CNRS, Museum national d'Histoire natu-
relle, 75231 Paris Cedex 05.
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massif de Sourroque (St Girons, Ari(~ge - leg. et colI. Claude
Bou (**) ou s'ouvre egalement Ie gouffre du Plagnol de la Pla-
gne d'ou provient Ie type de l'espece Plagnolia vandeli de Beau-
champ et Gourbault, 1964, Planaridae anophtalme) appartena-
ient a cette meme espece de Dendrocoelum ce qui rend mieux
compte de l'extension de son aire de repartition.
L'etude histologique qui a perm is d'identifier les specimens
du massif de Sourroque en tant que D. lescherae dont cinq indi-
vidus sexuellement murs avaient ete precedemment observes
pour la diagnose originelle, permet encore de mettre en eviden-
ce la tres faible variabilite anatomique existant effectivement
chez cette espece. L'analyse de la gamiture chromosomique so-
matique et des lignees germinales vient completer ces donnees
taxinomiques.
1. ETUDE MORPHOLOGIQUE DES SPECIMENS DU PLAGNOL
DE LA PLAGNE.
Projetee vers l'avant lors des deplacemonts, la vento use
adhesive est tres nette chez ces animaux dont la taille peut attein-
dre jusqu'a 20 x 4.5 mm. Les organes photorecepteurs normale-
ment au nombre de deux, sont tres souvent accompagnes de ta-
ches pigmentaires supplementaires (presence de 3 a 6 yeux). On
compte 12 a 14 caecums digestifs sur la branche anterieure, 23
a 27 sur les branches posterieures paires qui presentent parfois
une anastomose terminale portant 5 rameaux de chaque cote.
L'etude histologique a porte sur six individus, fixes au Car-
noy, sectionnes en coupes seriees soit sagittales, soit transversa-
les, colorees a l'azan ou au bleu alcian-hemalun-phloxine.
La position essentiellement dorsale des testicules qui s'eten-
dent jusqu'a l'extremite posterieure ou ils occupent une grande
partie de la largeur du corps, est stable chez cette espece dont les
ovaires sont toujours situes entre les quatrieme et cinquieme
caecums. Chez de animaux en pleine maturite la papille pe-
nienne est legerement plus longue que chez l'espece decrite du
Volp; mais sa pointe a musculature circulaire reduite est un peu
inclinee vers la face ventrale (fig. 1). Le canal ejaculateur s'elar-
git, communiquant largement avec ]a vesicule seminale ou de-
bouchent assez bas et medio-dorsalement les canaux deferents.
Immediatement au des sus du bulbe ces derniers presentent un
chape]et de tres grandes vesicules bourrees de sperme qui se-
Ion l'etat physiologique de l'animal se montrent plus ou moins
H Je tiens tout particulierement a remercier Monsieur Claude Bou pour
toutes les recoltes de Triclades qu'il a eu l'amabilite d'efTectuer pour moi
a chaque fois qu'il en a eu la possibilite.
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Fig. 1 - Dendrocoelum lescherae. Reconstitution de 1"appareil copulateur, en
coupe sagittale. <jl'pore genital; aO' atrium male; ac atrium commun; bc bour-
se copulatrice; cb canal de la bourse; cd canal deferent; ce canal ejaculateur;
fvs vesicules seminales dans deferents; p penis; oc oviducte; omg organe mu-
sculo-glandulaire; vs vesicule seminale.
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developpees, mais toujours nettement differenciees sur Ie par-
cours des canaux. L'atrium male est bien caracterise par sa mu-
sculature, tres mince au niveau des culs de sac et s'epaississant
vers sa base, constituee d'une it .3-4couches de fibres circulaires
entourees de plusieurs couches de fibres longitudinales; son epi-
thelium, plat au sommet, s'eleve progressivement jusqu'it l'abou-
chement dans l'atrium commun. Ce dernier dont la muscula-
ture est plus faible, montre ici un epithelium papilleux.
Pour l'ensemble des autres details anatomiques, on note une
parfaite correspondance entre les deux souches. Seule la taille
de l'organe musculo-glandulaire varie quelque peu car dans les
specimens du massif du Sourroque il peut etre plus court et tra-
pu que dans ceux du Volp; sa pointe s'engage regulierement dans
Ie canal de la bourse qui des Ie niveau du bulbe est deporte vers
la gauche du penis. plus ou moins dans l'axe de l'organe mu-
sculo-glandulaire. L'epithelium du canal, tres haut et papilleux,
est entoure d'une couche de fibres circulaires et une it deux
couches de fibres longitudinales un peu plus epaisses au contact
de l'atrium commun.
II. DONNEES CARYOLOGIQUES.
Pour effectuer cette etude, les Dendrocoeles recoltes au Pla-
gnol de la Plagne ont ete maintenus en elevage pendant plu-
sieurs mois; aucune ponte n'a ete deposee. La garniture chro-
mosomique somatique et les lignees germinales ont ete analy-
sees apres coloration it l'orceine lacto-acetique et ecrasement.
1. La garniture somatique.
Des blastemes regeneratifs d'un mois environ presentent
un grand nombre de neoblastes it plaques metaphasiques tres
nettes. A leur observation, il apparait que la garniture chromo-
somique peut varier chez un meme individu puisqu'il est possi-
ble de denombrer constamment un certain nombre de metapha-
ses it 30 elements, alors que la plupart des plaques en presentent
32 (fig. 2). Mais il semble raisonnable d'attribuer ces differen-
ces numeriques it des phenomenes d'aneuploidie. Toutefois, les
donnees relevees dans l'etude des lignees germinales qui vien-
nent completer par ailleurs ces observations, montrent que Ie
nombre diploide de cette espece est bien egal it 32. Pour ces 32
elements, les mesures de longueur relative et d'indice centro-
merique ant ete effectuees permettant une claire individualisa-
tion des homologues. L'analyse caryometrique a porte sur dix
plaques metaphasiques particulierement nettes. Les moyennes
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Fig. 2 - Dendrocoelum lescherae. Mitose somatique. metaphase a 2n 32.
Tableau I Longueur relative et indice centromerique des seize paires
de chromosomes de Dendrocoelum lescherae. Moyenne et
ecart-type calcules pour dix metaphases somatiques.
N Longueur relative Indice centromerique
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
12,17 :!: 1,46
9,17 :!: 1
7,32 :!: 0,42
6,84 :!: 0,27
6,55 :!: 0,23
6,20 :!: 0,42
6,13 :!: 0,18
5,89 :!: 0,21
5,78 :!: 0,18
5,56 :!: 0,21
5,35 :!: 0,19
5,18 :!: 0,27
4,89 :!: 0,34
4,77 :!: 0,26
4,32 :!: 0,4;)
3,99 :!: 0,51
43,18 :!: 2,16
45,03 :!: 1,69
39,97 :!: 3,62
43,34 :!: 3,92
38,67 :!: 3,03
45,49 :!: 3,46
42,63 :!: 3,39
39,72 :!: 3,63
45,01 :!: 2,42
41,52 :!: 4,04
40,62 :!: 4,63
42,97 :!: 5,15
39,71 :!: 2,72
38,76 :t 3,96
39,91 :!: 1,72
43,83 :!: 3,68
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Fig. 3. Dendrocoelum lescherae. Idiogramme construit d'apres les donnees
du tableau 1.
des valeurs calculees et des ecart-types correspondants sont
reportees dans Ie tableau I, representees par l'idiogramme de la
figure 3.
On note la presence d'un couple de grands chromosomes
metacentriques suivi d'un second, d'un tiers plus court. La taille
des differents elements du genome haploide varie ensuite tres
graduellement du troisieme au dernier, trois fois plus petit que
Ie premier. Tous ces chromosomes sont dans l'ensemble meta-
centriques ou a la limite inferieure de cette classe d'ordre (no-
menclature Levan et aI., 1964).
2. Les lignees germinales.
La gametogenese chez D. lescherae apparait normale dans
les deux lignees; les bivalents sont toujours au nombre de seize
dans les spermatocytes et les ovocytes etudies.
a) Lignee male.
Les pachytenes sont les stades les plus frequents mais dif-
ficHes a analyser en raison de l'intrication des elements despi-
ralises. En revanche plusieurs spermatocytes I aux stades de
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Fig. 4 - Dencirocoelum lescherac. Meiose, spermatocyte I en diacinese.
diacinese ou en prometaphase ont permis Ie denombrement des
bivalents, tres contractes alors. La plupart de ces seize bivalents
ont une complete terminalisation des chiasmas et se pres en tent
sous forme d'anneaux, ou posse dent un unique chiasma; les plus
grands montrent un nombre plus eleve de chiasmas (fig. 4).
b) Lignee femelle.
Un seul ovaire possedait des ovocytes dont les bivalents se
trouvaient en diplotene, stade autorisant leur observation. Trois
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figures meiotiques particulierement nettes ont ete etudiees. Le
nombre des bivalents semble stable et egal 11 seize (fig. 5). La
variation de leur taille se montre en accord avec celle observee
au niveau de la morphologie mitotique. Le nombre des chiasmas
varie de un 11 cinq par element; l'ensemble des chiasmas par cel-
lule peut etre evalue 11 quarante environ.
L'etude des processus de fecondation et du deroulement ul-
terieur de l'ovogenese n'a pu etre abordee car les elevages n'ont
pas perm is d'obtenir les stades correspondants.
III. DISCUSSION
La presence de D. lescherae en une nouvelle station cons i-
stant non plus en un sous-ecoulement de riviere mais en une
nappe perchee, les deux stations etant distantes d'une dizaine de
10)J I
Fig. 5 - Dendrocoelum lescherae. Meiose, ovocyte au stade diplotene.
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kms environ, permet de penser que ce Dendrocoele peuple l'en-
semble des aquiferes de cette region d'Ariege. Parallelement a
cet apport chorologique, l'obtention d'une nouvelle souche auto-
risant l'etude d'un plus grand nombre de specimens, entraine
une meilleure definition de l'espece. Il est a deplorer, en effet,
que, toujours du fait de la difficulte d'acces au sein des divers peu-
plements, la plupart des diagnoses portent sur l'observation d'un
nombre tres faible d'individus, parfois meme d'un seu!. Il est
alors difficile de determiner si certaines structures sont liees a
de simples variations individuelles qui, comme cela a pu etre si-
gnale dans certains cas, ne sont pas negligeables chez les Tricla-
des, ou bien si elles correspondent a des modifications ana to-
miques dues tant a l'etat physiologique qu'a l'extreme contracti-
lite des animaux de ce groupe.
Les donnees caryologiques concernant les Paludicoles hypo-
ges, et tout particulierement les Dendrocoelum sont encore tres
fragmentaires CBenazzi et Benazzi-Lentati, 1976; Gourbault,
1976). Du sous-genre Dendrocoelides de Beauchamp, 1919, deux
autres especes, egalement pyreneennes, ont ete etudiees, D. tu-
zetae Gourbault CBenazzi et Gourbault, 1974) et D. coiffaiti de
Beauchamp (Gourbault, 1975). La comparaison de leurs caryo-
grammes respectifs avec celui de D. lescherae montre une
remarquable analogie; elle apparait aussi bien dans Ie profil
de l'idiogramme que pour la valeur moyenne des indices cen-
tromeriques des divers elements. La presence d'un couple de
grands chromosomes metacentriques, suivi d'un second meta-
centrique mais nettement plus petit, s'observe de fa<;on con-
stante.
Vne meme garniture chromosomique diploide de 32 ele-
ments a ete egalement mise en evidence pour neuf especes de
Neodendrocoelum du Lac Ohrid; les couples de chromosomes
sont repartis en trois groupes en fonction de leur taille, 4 longs,
7 moyens, 5 petits, metacentriques, un certain polymorphjsme
existant au sein du dernier groupe (Paunovic, 1977). Toutes ces
especes deriveraient d'un unique autotetraploide (quadrivalents
observes dans la meiose, ce qui n'a jamais ete vu chez les Den-
drocoelidesJ et les processus de speciation ulterieurs amene-
raient la diploidisation de ces taxa. Cette hypothese de diploidi-
sation secondaire avait ete avancee par Dahm (1958) qui sug-
gere encore une possible condition de tetraploidie pour le5 espe-
ces obscuricoles D. tubuliferum de Beauchamp et D. infernale
(Steimann) a 32 chromosomes, ainsi que pour D. album (Stei-
mann) a 28 elements (Dahm, 1961).
Dans Ie cas particulier de D. lescherae et pour ses congene-
res etudies, la nette individualisation des premiers couples et
la presence de bivalents dans les metaphases I des lignees ger-
. minales permettent d'envisager une nette diploidie, sans toute-
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fois laisser entrevoir les mecanismes de transformation ayant
autorise la formation de ces caryotypes d'especes hypogees.
RESUME
L'etude d'une nouvelle souche du Triclade hypoge Dendrocoelum le-
scherae montre la tres faible variabilite anatomique de cette espece. La gar-
niture chromosomique correspond au nombre diploide de 32 elements me-
tacentriques; 16 bivalents sont presents dans les gametocytes. Nombre et
morphologie des chromosomes sont semblables au sein du sous-genre Den-
drocoelides.
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New records for Salentinella Ruffo
(Crustacea Amphipoda) from phreatic waters
of Italy and Greece
Giuseppe Lucio Pesce.
SUMMARY
New localities for the subterranean amphipod Salentinella Ruffo from
central-eastern Mediterranean are reported. New collecting localities are
listed for Italy, continental Greece and islands of Cephalonie and Zante, as
well as some remarks are made about the systematics, the variability and the
ecology of the genus. Moreover, the Author refers to the main characteristics
of a Salentinella sp. from central Italy, showing intermediate features be-
tween S. angelieri and S. franciscoloi. A map of the distribution of the genus
Salentinella in Italy and in the Balkan-Dalmatian Peninsula is enclosed.
During studies en the phreatic subterranean fauna in Italy
and Greece, carried out during the years 1975-1980by the Zoolo-
gical Institute of the University of L'Aquila (Argano a.o., 1975;
Pesce & Fusacchia, 1973; Pesce & Silverii, 1976; Pesce a.o., 1978;
etc.), besides many other hypogean crustaceans, fairly large
numbers of amphipods of the genus Salentinella Ruffo were
collected.
The materials were from brackish or fresh-wells, the first
ones localized along the Adriatic and Ionian seas coasts of Italy
and Greece, the others in central Italy, Apulia region, Sardinia,
northern and southern Greece and islands of Cephalonie and
Zante. .
The following species and subspecies were recognized: Sa-
lentinella angelieri Ruffo & Delamare Deboutteville 1952, from
* Dipartimento di Scienze Ambientali, Universita di L'Aquila.
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central and southern Italy, Sardinia, northern and southern
Greece and from the islands of Cephalonie and Zante; Salenti-
nella angelieri balcanica Karaman 1967, from the Adriatic sea
coast of central Italy; Salentinella gracillima Ruffo 1947, from
Apulia (southern Italy), type-locality included, and a Salenti-
nella species from a fresh-water well in the Abruzzo region
(central Italy).
All the species we examined, because of their small size and
the morphology of the gnathopods and uropods, are undoub-
tedly referable to the phyletic line of S. gracillima which inclu-
des, as Coineau (1968) suggested, the following other species:
S. angelieri; S. franciswloi Ruffo 1953; S. delamarei Coineau
1962; S. petiti Coineau 1963 and S. prognatha Barbe 1963.
In the present note, the new biogeographical data for this
genus in the central and eastern Mediterranean, the main phy-
sicochemical details and the list of the associated fauna of all
the collecting localities, as well as remarks about the variabi-
lity, the systematics and the ecology of the identified species
and subspecies are reported.
Because of the new records, here reported, the geographi-
cal distribution of the genus Salentinella in the Mediterranean
is enlarged and better defined.
Salentinella Ruffo 1947
The genus Salentinella was established by Ruffo (1947) to
accomodate specimens (S. gracillima) which Stammer colle-
cted from two marine caves, "Buco dei Diavoli" and 'L'Abisso',
in southern Italy, near Otranto (Apulia).
At present time it includes a large number of species and
subspecies, five of which come from Italy, viz.: S. gracillima Ruf-
fo (type-species), from Apulia; S. angelieri Ruffo & Delamare
Deboutteville, from Sardinia, central and southern Italy: S. an-
gelieri pisana Ruffo, from Pisan Mountains, in Tuscany; S. den-
ticulata Baschieri Salvadori, from Mte Arge~tario, Tuscany (ac-
cording to Ruffo, synonym of S. angelieril; S. franciscoloi Ruffo,
from Maritime Alps.
The other species and subspecies are reported from perime-
diterranean localities: Jugoslavia, France, Pyrenees and island
of Majorca, northern Africa CBalazuc, 1975; Coineau, 1962, 1968;
Barbe, 1963, 1965; Dancau, 1973; Karaman & Pesce, 1980, etc-l.
Recently, Karaman (in press, and in litt.) showed large varia-
tions in the above subspecies, reducing several taxa (pisana,
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Fig. 1 - Distribution of the genus Salentinella Ruffo in the eastern and cen-
tral Mediterranean: 1. S. gracillima; 2. S. angelieri angelieri; 3. S.
angelieri balcanica; 4. S. ange!ieri pisana; 5. S. franciscoloi; 6. S.sp.
denticul'ata, franciscoloi and balcanicaJ as synonyms of S. an-
gelieri. I share this' opinion with the exception of S. angelieri
balcanica that I consider temporarily a valid taxon, since in the
material I examined I pointed out a distinct range of variability
between S. angelieri angelieri and the above subspecies. Fur-
ther researches and studies on the variability of this interesting
complex could bring other data in order to removing this doubt.
The genus Salentinella, once considered endemic from sou-
thern Italy, Apulia (Ruffo, 1955; 1958), is widely distributed,
which could support the hypothesis of its antiquity (Ruffo, 1953);
moreover, the new data, which are reported in this paper, prove
it may be much more widespread in the subterranean biocoe-
noses than the past studies pointed out.
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Salentinella angelieri Ruffo & Delamare Deboutteville 1952
Material from Italy and Greece, and from the following lo-
calities:
Greece (Epirus) - Main Road Plataria-Karterion, february, 28,
1976; legg Pesce, Argano & Bianco: numerous 00, ¥> ¥> and so-
me juveniles. (depth of the well 4 m; temperature H20: 12.5°C;
pH:7); associated fauna: amphipods (Niphargus orcinus s.U;
asellid isopods (Proasellus coxalis); cyclopid copepods Wiacy-
clops bicuspidatus lubbocki, Megacyclops viridis viridis); ano-
stracans (Chirocephalus diaphanus); ostracods; oligochaetes;
water mites and mosquito larvae.
Greece (Epirus) - Igoumenitza, along the Araxtos river, februa-
ry 24, 1976; legit Pesce, Argano and Bianco: numerous 00, ¥> ¥>
and some juveniles (depth of the well 10 m; temperature H20:
12.5°C; pH: 6.8); associated fauna: amphipods (Niphargus orci-
nus s.U; asellid isopods (Proasellus coxalis, Proasellus ambra-
cicus); cyelopid copepods (Diacyclops antrincola); ostracods
(Cypria lacustris); gastropods; oligochaetes (Enchytraeus buch-
holziJ.
Greece (Epirus) - Igoumenitza, main road Arta-Kommeron, fe-
bruary 24, 1976; legg Pesce, Argano and Bianco: numerous 00,
¥> ¥> and juveniles (depth of the well 6.5 m; temperature H20:
11.5°C; pH: 6,9); associated fauna: amphipods (Niphargus orci-
nus s.U; asellid isopods (Proasellus coxalis, Proasellu$ ambra-
cicusl; microparasellid isopods (Microcharon latus prespensis,
Microparasellus puteanus); cyelopid copepods (Paracyclops
fimbriatus, Megacyclops viridis viridis, Diacyclops antrincola);
harpacticoid copepods (Attheyella crassa); ostracods; hydrozo-
ans; oligochaetes (Pristina idrensisl; gastropods; nematods and
water mites.
Greece (Epirus) - Igoumenitza, village of Sikee, february, 24,
1976; legg Pesce, Argano and Bianco: 10, 2 ¥> ¥> (depth of the
well 6.5 m; temperature H20:11.5°C;pH:7); associated fauna: cy-
elopid copepods (Thermacyclops dybowskiiJ; ostracods and so-
me mosquito larvae.
Greece (Cephalonie) - surroundings of the village of Assos, may
7, 1977; legg Pesce, Maggi and Miranda: numerous 00 and
¥> ¥> (depth of the well 6.50 m; temperature H20:17.JOC;pH:7.3);
associated fauna: amphipods (Niphargus sp., Metahadzia hel-
ladis); asellid isopods (Proasellus coxalis); microparasellid iso-
pods (Microparasellus puteanus, Microcharon latus); cyelopid
copepods (Thermocyclops oblongatus, Diacyclops languidaides
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zschokkei, Tropocyclops prasinus); harpacticri.d copE:pods(At-
theyella crassa); ostracods; gastropods; nematods; oli)gochaetes
(Pristina proboscidea).
Greece (Zante) - Lagana, along the beach, about 50 m from the
sea coast, april, 8, 1979, legg Pesce and Silverii: numerous 00
and ~ ~ (depth of the well 3.2 m; temperature H20:15.1°C;pH:
7.1); associated fauna: amphipods (Niphargus spJ cyclopid co-
pepods (Eucyclops serrulatus, Diacyclops languidoides cf. na-
gysalloensisJ,. ostracods; water mites; nematods; oligochaetes
(Pristina idrensis).
Greece (Attika) - Megara, Ag. Theodoris, april 2, 1978; legg Pe-
sce, Maggi and Miranda: 3 00; 3 ~ ~ and some juveniles (depth
of the well: 18.5 m; temperature H20:18.1°C,pH:7); associated
fauna: cyclopid copepods (Thermocyclops oblongatus, Eucy-
clops serrulatus); ostracods and nematods.
Greece (Peloponnesus) - Ghition, april 2, 1978; legg Pesce, Mag-
gi and Silverii: numerous 00, ~~ and some juveniles (depth
of the well 6 m; temperature H20:17.5°C;pH:7; salinity: 3.2%°);
associated fauna: amphipods (Niphargus spJ; thermosbena-
ceans (Monodella argentarii); cyclopid copepods CDiacyclops
bicuspidatus lubbocki, Eucyclops serrulatus J,. harpacticoid co-
pepods (Elaphoidella sp.); oligochaetes (Pristina longiseta);
ostracoda; water mites.
Italy (Marchel - Castelfidardo, december 27, 1978; legit Baldoni:
3 00 and 2 ~ ~ (depth of the well: 10 m; temperature H20:
1l.5°C;pH:6.5); associated fauna: amphipods (Nipha'rgus longi-
caudatus); cyclopid copepods (Diacyclops bicuspidatus lubbo-
cki, Diacyclops antrincolaJ,. ostracods; water mites.
Italy (Marche) - Grottammare, Ascoli Piceno, september 12,
1978; legit Baldoni: 2 00 and 3 ~ ~ (depth of the well: 5.5 m;
temperature H20: 16.7°C;pH:6.5); associated fauna: amphipods
(Niphargus stefanelliiJ,. cyclopid copepods (Acanthocyclops ro-
bustus); harpacticoid copepods (Elaphoidella elaphoides); ostra-
cods; turbellarians; water mites.
Italy (Abruzzes) - Teramo, may 24, 1975; legg Schiazza and
Straccini: numerous 00 and ~ ~ (depth of the well: 6 m; tem-
perature H~O:13.5°C;pH:6,8; salinity: 2,8%0); associated fauna:
cyclopid copepods (Diacyclops crassicaudisJ,. harpacticoid cope-
pods (Elaphoidella elaphoides; Nitocrella stammeri); oligochae-
tes; gastropods; water mites.
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ItaLy (Abruzzes) - Sulmona, november 5, 1975; legg Pesce and
Silverii: 3 66. 6 ~ ~ and some juveniles (depth of the well: 7
m; temperature H20:12.5°C;pH:7.1); associated fauna: amphi-
pods (Niphargus Longicaudatus); asellid isopods (ProaseLLus co-
xaLis); cyelopid copepods (EucycLops serrulatus, Tropocyclops
prasinus); gastropods; nematods; oligochaetes; water mites.
ItaLy (Apulia) - Foggia, may 1, 1975; legg Pesce and Fusacchia:
10 66, 3 ~ ~ and some juveniles (depth of the well: 6 m; tem-
perature H20:14.5°C;pH:7.6); associated fauna: amphipods (Bo-
gidieLLa sp. Hadzia (MetahadziaJ adriatica,. cyelopid copepods
(DiacycLops LanguidoidesJ,. harpacticoid copepods (NitocreLLa
spJ; ostracods; oligochaetes; turbellarians; water mites and so-
me mosquito larvae.
ItaLy (Sardinia) - Connosfanadiga, cross-road to S. Cavino, no-
vember 3, 1979; legg Pesce, Maggi and Silveri: numerous 66,
~ ~ and some juveniles (depth of the well: 6.2 m; temperature
H20:18.8°C;pH:6.5); associated fauna: amphipods (Niphargus
longicaudatus); stenasellid isopods (StenaseLLus nuragicus); cy-
elopid copepods (Diacyclops languidoides s.l.); ostracods; water
mites.
All the above specimens fit the species S. angeLieri as Ruf-
fo and Delamare Deboutteville described and illustred. Howe-
ver, as compared to this species they showed some small diffe-
rences regarding the length of the apical spines on the lobes
of the telson and the morphology and armature of the antenna.
Particularly. we pointed out a sexual dimorphism on the main
flagellum of the antenna 1, viz. the males are characterized by
more (5-7) aesthetes than the females (1-2) on the first segment.
Moreover, we noted an evident sexual variation in the shape
of the propodes of the first gnathopods, Le. in the males they
enlarge at the base as in the species S. franciscoLoi, S. graciLLima
and S. angelieri pisana; on the contrary, in the females they are
like those of S. angeLieri angeLieri.
A sexual dimorphism on the antennae of SalentineLla, un-
known in the italian species, was for the first time reported by
Coineau (1968) in describing S. juberthieae and S. deLamarei
macrocheles from phreatic waters of France. A sexual dimor-
phism in the first and second gnathopods was reported by Dan-
cau (1973) in materials (Salentinella species) from the island
of Majerca.
Anyhow, with the exception of the sexual dimorphism, we
think that the differences we pointed out in our specimens could
be related to individual variations and, therefore, could be con-
sidered differences of little systematic value. The variability of
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this widespread species very likely is wider than we know at
present. In this last regard, according to Dancau (1973) and
Karaman (in press) marc studies and further collections have
to be made to determine the real status of S. angelieri as well
as of the other related species and subspecies.
From an ecological point of view, S. angelieri, once consi-
dered as a coastal, recent immigrant in the subterranean bio-
topes, may live in coastal phreatic systems, in interstitial habi-
tats as well as it can penetrate deeply in inland subterranean
waters (Karaman and Pesce, 19S0).
Salentinella angelieri balcanica Karaman 1967
Material from Italy, and from the following localities:
Italy (Abruzzes) - Chieti, april 26, 1975; legg Schiazza and
Straccini: 12 <3<3, 23 9 9 and some juveniles (depth of the
well: 4.4 m; temperature H,O:13.5°C;pH6.S); associated fauna:
amphipods (Niphargus longicaudatus); asellid isopods (Proa-
sellus coxalis); cyclopid copepods (Diacyclops bicuspidatus lub-
bocki, Eucyclop~ serrulatusl; oligochaetes; water mites.
Italy (Marche) - Valdaso, Pedaso, september 30. 1975; legit Bal-
doni: numerous <3<3 and 9 9 (depth of the well: 5.5 m; tempe-
rature H20:17.5°C;pH:6.5); associated fauna: asellid isopods
(Proasellus adriaticus); cyclopid copepods (Diacyclops antrinc'o-
la, Eucyclops serrulatus); harpacticoid copepods (Parapseudo-
leptomesochra italica); ostracods; water mites. '
We refer these specimens to S.a,ngelieri, particularly to
S. angelieri balcanica. because of the morphology of the telson,
the presence of apical setae (instead of short spines) on the
lobes of the tel son and the length of the inner ramus of the
third uropod which is about 1/2 the outer one (In S. angelieri
it is about 1/3 the outer one).
Also these specimens showed little variations in the length
of the apical setae on the lobes of the telson, in the morphology
of the gnathopod 1 and in the length of the distal segment of
the outer ramus of the third uropod; moreover, the dorsal, plu":
mose setae on the telson are placed on the distal quarter of each
lobe, while in the drawings by Karaman and in the materials
of S. angelieri we examined the same setae are implanted about
at 1/2 of each lobe.
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Antennae sexual dimorphism (not reported in the original
description and in the following ones) consisting in the presence
of 8-10 (d' d') and 1-2 (~ ~) long aesthetes on the first segment
of the main flagellum.
The occurrence of this subspecies in the underground waters
of the eastern coast of Italy is interesting from a biogeographi-
cal point of view, as it once more provides evidence against the
close relationship between the hypogean faunas of this region
and that of the Balkan-Dalmatian area, making more valuable
the hypothesis of a common origin for the above organisms.
Salentinella gracillima Ruffo 1947
Materials from southern Italy, and from the following collections:
Italy (Apulia) - Gallipoli, main road Taviano-Gallipoli, june 1,
1975; legg Pesce, Silverii and Cicolani: 4 d'd' and 10 ~ ~ (depth
of the well: 3.5 m; temperature H20:15.5cC;pH:7;salinity: 2.2%0);
associated fauna: amphipods (Hadzia minuta, Niphargusorci-
nus s.U; asellid isopods (Proasellus coxalis); mysidaceans (Spe-
laeomysis bottazzii, Stygiomysis hydruntina),. cyclopid copepods
(Halicyclops rotundipes putealis, Eucyclops serrulatus),. harpa-
cticoid cope pods (Nitocrella stammeri, Onychocamptus m..oham-
med),. ostracods; oligochaetes; turbellarians; nematods; gastro-
pods.
Italy (Apulia) - Pto. Cesareo, main road S.M. in Bagno-Pto Ce-
sareo, june 11, 1976; legg Pesce, Tete and Maggi: numerous d'd'
and ~ ~ (depth of the well 8.4 m; temperature H20:17.1°C;pH:
7; salinity: 0,2%0); associated fauna: amphipods (Hadzia minuta),.
mysidaceans (Spelaeomysis boUazzii, Stygiomysis hydruntina),.
cyclopid copepods (Diacyclops crassicaudis, Diacyclops langui-
doides s.U; harpacticoid copepods (Nitocrella stammeriJ; ostra-
cods; water mites.
Italy (Apulia) - Otranto, "Buco dei Diavoli" cave (type-locali-
ty). june I, 1975; legg Pesce and Silverii: 2 d'd' and 1 ~ (depth
of the water: 0.30-0.40 m; temperature H20:12.5°C;pH:6.9; salini-
ty: 2.9%0); associated fauna: cyclopid copepods lDiacyclops bi-
cuspidatus lubbocki, DiacycloTJs antrincola, Metacyclops stam-
meri, Metacyclops subdolus, Therm.ocyclops oblongatus); deca-
pods (Typhlocaris salentina); mysidaceans (Spelaeomysis bot-
tazziiJ; ostracods; oligochaetes; gastropods; water mites.
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All the materials we examined quite agree with the original
description of the species and with the further remarks by Ruf-
fo (1953); only little differences in the morphology of the gna-
thopods and a variability on the main flagellum of the antenna
I, were pointed out. In this last regard, we observed a sexual
dimorphism on the first segment of the main flagellum of the
antenna I, which bears 10-12 (66) and 1-2 (<:;? <:;?) very long
aesthetes; moreover, the same segment is longer in the males
than in the females, and it is about 2.5 (66) and 1.5 (<:;? <:;?) as
long as the distal segment of the peduncle.
The discovery of these new localities for S. gracillima in
southern Italy, as well as other affinities between the sub-
terranean aquatic faunas of the Adriatic sea coast and the
Ionian one, could support the hypothesis of a continuity of the
phreatic underground environments in southern Apulia.
At present time S. gracillima is to be considered endemic
for the Salentine Peninsula (Southern Apulia) and as a recent
immigrant, or thalassoid element, according to some AA. (Stock
1980; Danielopol, 1981).
Salentinella species
The material of this species (2 66 and 1 <:;?) was collected
from a man-made, fresh well near the village of Colleranesco,
Teramo (Abruzzes, Italy), by Pesce and Silverii on october 4,
1975. The well reaches the subsoil level at a depth of about 5.5
m, the water is clear and the bottom sediment is for the most
part composed of thin organogenic sandstone which includes
small plant detritus <temperature H20:15.0°C;pH:6.5; salinity:
0,9%°). The faunistic composition of the biocoenoses includes,
besides Salentinella, the following other groups: amphipods
(Niphargus longicaudatus, Bogidiella aprutinaJ; asellid isopods
(Proasellus spJ; cyclopid copepods WiacyckJps crassicaudis s.l.,
Megacyciops viridis viridis); gastropods; oligochaetes; water
mites.
As regards the systematics, the only 3 available mature (?)
specimens were in poor condition and inadequate for determi-
ning their specific level. However, at first examination, they
seem to be close both to S. franciscoloi and S. angelieri; they dif-
fer for the following features: tel son very slender (L/1 = 1.5-1.6),
with acute and lightly divaricate lobes; distal segment of the
outer ramus of the third uropod long, about 1/3 long as the pro-
ximal one (in the other species of the group "gracillima-ange-
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lieri-franciscoloi" it is always shorter than 1/4 of the the pro-
ximal one); antenna 1 with a remarkable dimorphism on the
first segment of the main flagellum; which bears 7-8 (in the ma-
les) and 1 (in the female) long aesthetes on the outer margin;
thoracic limbs with datactylus longer than 1/2 the correspon-
ding propod; gnathopods 1 and 2 with intermediate characteri-
stics between S. angelieri and S. franciscoloi.
RESUME
Nouvelles donnees sur la distribution de Salentinella Ruffo (Crustacea:
Amphipoda) dans les nappes phreatiques de l'!talie et de Grece.
On trouvera ici de nouvelles donnees sur la distribution du genre Salen-
tinella Ruffo dans les eaux souterraines de !'Italie et de Grece. Les especes
et sous-especes identitiees sont: S. gracillima Ruffo; S. angelieri Ruffo et De-
lam are Deboutteville; S. angelieri balcanica Karaman et une Salentinella sp.
Pour ces especes l'auteur envisage les divers aspects de la variabilite
ainsi que Ie dimorphisme sexuel affectant aussi bien l'antenne I que la pre-
miere paire de gnathopodes.
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The occurrence of the troglobitic amphipod,
Stygobromus tenuis tenuis (Smith) (Crangonyctidae)
in the Taconic Mountains of southwestern Massachusetts
(USA): a case for the existence of a subterranean
refugium in a glaciated region
Douglas G, Smith-
SUMMARY
Stygobromus t. tenuis is one of only two species of troglobitic amphipods
known to occur in the New England physiographic province. The rarity of
subterranean organisms in New England is attributed to limited karst de-
velopment and eradication of organisms from the region during glacial ti-
mes. Traditionally it has been believed that those troglobitic species presen-
tly occurring north of the glacial terminus migrated there following glacial
retreat from refugia south of the areas influenced by glacial conditions.
However, a few recent studies favor the existence of subsurface refugia in
glaciated regions during glacial times. Stygobromus t. tenuis is recorded
from springs connected with deep, solution zone aquifers in the Taconic
Mountains of western New England, an area well north of the glacial ter-
minus. It is suggested that these aquifers served as a refugium for S. t.
tenuis during the latter part of perhaps all of the Pleistocene Epoch.
INTRODUCTION
The New England physiographic province, relative to other
provinces in eastern North America, is not known to contain a
diverse or widespread troglobitic fauna. There are two reasons
for this. First the region does not have the geological features
conducive to the development of an extensive troglobitic fauna.
• Museum of Zoology, University of Massachusetts, Amherst, Massachusetts
01003-0027.
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The few areas within the New England province that are chara-
cterized by carbonate rocks are limited to a narrow north-south
trending zone along the western margin of the region. Furthe-
more, these carbonate belts, together comprising the Taconic
Mountains, were greatly metamorphosed in the mid Paleozoic
Era and the presently existing rocks are somewhat solution re-
sistant. The second reason is that the entire New England re-
gion, excepting portions of the then exposed continental shelf,
was covered by ice during at least the last major (Woodfordian)
glacial thrust of the Wisconsin ice age. The continued existence
of subterranean animals in New England would be hampered
by permafrost during the glacial peak and by excessive rechar-
ging and flushing of subsurface habitats by meltwater during
glacial retreat.
Only two aquatic troglobitic (albinistic and eyeless) animal
species have been recorded from the New England province.
Both are members of the gammaridean amphipod family Cran-
gonyctidae. One species, Stygobr.omus borealis Holsinger, is en-
demic to New England and has been collected from only two
localities in the northern Taconic Mountains (Holsinger, 1978).
The other species, S. tenuis tenuis (Smith), previously has been
authentically documented in New England only from shallow
wells and seeps in the Connecticut River valley in south-central
Connecticut (Holsinger, 1967, 1978). Neither species has been
found in abundance in New England and S. t. tenuis has not
been reported from New England in this century.
This paper reports the occurrence of S. t. tenuis in the sou-
thern Taconic Mountain region of southwest Massachusetts,
an area well north of the terminal moraine of the last Wiscon-
sin glaciation. The presence of populations of S. t. tenuis well
within a formerly glaciated region coupled with the nature of
the geology of the area in which these amphipods dwell requi-
res some consideration for the existence of a subterranean re-
fugium for troglobitic animals in the Taconic Mountains during
the Pleistocene Epoch.
RESULTS
In a partial survey of the peracaridans of Connecticut.
Kunkel (1918) listed S. t. tenuis from Canaan, in northwestern
Connecticut; however, no specimens presently exist to confirm
the record (Holsinger, 1967). A search was therefore initiated
in early 1982 of springs, cave outlet streams and springhouses in
northwestern Connecticut and southwestern Massachusetts to
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Fig. - Map showing locations of recent collections of S. t. tenuis (solid
circles). Physiographic features are generalized and follow Ratclif-
fe (1969, 1975a). Diagonal lines represent Precambrian gneissic rocks
of the upland massif; clear areas are carbonate rocks overthrusted
by the Precambrian gneissic rocks. Stippled areas are slices of the
westward displaced carbonate rocks which form the Monument
Mountain through slice. Dashed lines denote contact. Other forma-
tions west of the Housatonic River have been omitted. One centi-
meter equals three kilometers.
determine if S. t. tenuis, or perhaps some other species of sub-
terranean amphipod, occurred in the region.
Over a three month period of investigation, only two sites
in New Marlgerough, Berkshire County, Massachusetts, produ-
ced specimens of amphipods (fig. I). Collections at the sites
were repeatable, though, and a large enough series of specimens
was collected to make a definite identification of the species.
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A total of 59 specimens, including breeding adults, sub-
adults, and immatures, were studied and all have been deposi-
ted in the Invertebrate Division of the Museum of Zoology, Uni-
versity of Massachusetts at Amherst, (UMA).
The distribution of specimens and pertinent collection data
are as follows:
Massachusetts, Berkshire Co., New Marlborough, sprinhouse
on Benton Hill (elevation 258 m), 12 May, 1982, five males and
six females; 10 June, 1982, eleven males and three females, 30
June, 1982, seven males and three females (UMA Ar. 1297,
1-3); springhouse on Brush Hill (elevation 243 m), 10 June,
1982, seven females, 30 June, 1982, five males and twelve fema-
les (UMA Ar. 1298, 1-2>'
No substantial differences were observed between these spe-
cimens and specimens described by Kunkel (1918) and Holsinger
(1967), but, it was noted that the coxal gills of the seventh pe-
reopod (fifth of some authors) of the nine largest males (6.5-
8.5 mm in length) were somewhat reduced, vestigial, or absent
(one individual>. Additionally, in a sample of five large males
it was found that the ratio of the length of the rami of the first
uropod averaged 52-percent (vide Kunkel, 1918) whereas Hol-
singer (1967) reported the ratio to be from 75 to 80 percent.
DISCUSSION
The two collections extend the range of S. t. tenus 75 km
further northwest of the subspecies' previously known northern
range limit, well beyond the lowland valley region of southern
New England, and into the southwestern extremity of the
"High" Taconic Mountain system (Housatonic River drainage)
of the western New England province. The collections also do-
cument the occurrence of S. t. tenuis some 140 km north of the
terminal moraine of the Wisconsin glaciaton. Furthemore, al-
though the subspecies was not collected in Canaan, Connecti-
cut, during this study, I suggest that Kunkel's (1918) Canaan
record is based on S. t. tenuis. These findings are significant in
that the subspecies was previously known to occur only in shal-
low ground water environments near the coast in southern New
England, New York, and Maryland (Holsinger, 1967, 1978>. Lit-
tle argument has been presented against a northward migration
by S. t. tenuis along the Coastal Plain into southern New En-
gland during late or post-glacial times, despite an extant range
hiatus throughout coastal New Jersey (Holsinger, 1967).
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The occurrence of S. t. tenuis in subterranean waters well
removed from coastal areas begs the question as to whether
the subspecies migrated to the Taconic Mountain region fol-
lowing glacial retreat or survived in the Taconic Mountains
throughout parts or perhaps all of the Pleistocene Epoch. Di-
scussion of the fate of subterranean animals at the onset of gla-
ciation can be found in several papers (see Holsinger 1976,
1978, for review). Recently Holsinger (1980) has reaffirmed an
earlier suggestion for the possible existence of a subterranean
refugium in Vermont for S. bo'realis. However, Lewis and Bow-
man (1981) have restated the possibilty of migration of subter-
ranean crustaceans from sub-glacial refugia into formerly gla-
ciated areas. The principal problems to be addressed are (1)
could small, relatively non-vagile troglobites actually transver-
se large distances through varied aquatic substrates within spe-
cified time periods to reach their present locations and (2) are
places available in which, due to certain geological and hydro-
logical conditions, troblobitic creatures could have survived,
even if the proposed refugium lay well within the area of ice
cover.
In order to reach the Taconic Moutains by migration, S. t.
tenuis, and S. borealis as well, would have had to move through
portions of the upland massif section of New England. The up-
land section, which separates the Connecticut River valley and
other coastal areas from, the Taconic Mountains, does not have
the extensive cover of glacial deposits characteristic of the
lowlands. Although some capacity for water storage is evident
in the upland hills, the low porosity of the metamorphic and
igneous bedrocks, combined with the presence of deeply dis-
secting valleys, prevent the formation of extensive wetlands or
subsurface drainage systems. Consequently, the upland section
separating the Taconic Mountains from the Connecticut River
valley lowland would seem to be somewhat of a barrier to mi-
gration of troglobitic organisms. Although hardly conclusive,
no troglobitic crustaceans have been discovered in the uplands.
The general location of the presently reported collections
of S. t. tenuis is in an area of high geologic complexity and is
a place where two major sections of the New England province
converge. The specific sites of collection, Benton and Brush
Hills, are situated within an area characterized by the presen-
ce of a large north-south trending arc known as the Monument
Mountain thrust slice (Ratcliffe, 1969; Fig. 1, this report). The
arc is composed of highly metamorphosed carbonate rocks de- ,
rived principally from Precambrian and Cambrian limestones.
Ordovician tectonic activity (Taconic orogeny) resulted in a
massive westward movement of portions of the gneissic Precam-
brian massif of the upland and the formation of the Monument
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Mountain Slice (Zen, 1967). Tongues of upland rocks overthru-
sted the younger or equivalent aged carbonate formations. In
a few cases shear surfaces extend 21 km west to east as measu-
red by the distance between exposures of carbonate units of si-
milar age and composition overthrusted by upland rocks (Rat-
cliffe, 1975a), and thrust faulting may extend several kilome-
ters beneath the present surface (Ratcliffe, 1975b). Within the
areas of contact, considerable fracturing of rock surfaces is as-
sumed to have taken place. Subsequent solution of carbonate
facies along the contact surface, as depicted for western New
England by Norvitch et aI. (1968), would result in the develop-
ment of deep aquifers. Evidence for deep aquifers is provided
by observed high permeability of rocks along parts of the thrust
front (Ratcliffe, 1975b) and by constant, and at time volumous,
resurgences (1 to 400 gpm) at springs and wells near contact
zones (Norvitch et aI., 1968). It is important to note that the
two springs from which S. t. tenuis was collected during this
study are situated at points of contact where karst, characte-
ristic of solution activity, has developed and is exposed.
It is possible that these deep, subsurface aquifers were avai-
lable to S. t. tenuis during the entire Pleistocene Epoch. The
absolute depth at which S. t. tenuis had to occur to escape free-
zing temperatures during glacial episodes and to avoid melt-
water flushing, however, can not be answered at the present
time for the extent of permafrost and meltwater influences on
subsurface water in New England is unknown. Evidence of per-
mafrost in interior New England has been recently questioned
(Black, 1976); presently no unequivecal permafrost-indicative
structures are known to occur in central New England. I sug-
gest that these glacial influences did not extend to the depths
to which subsurface solution has occurred along contact zones
in the area of study. Although postcglacial migration of the sub-
species to the Taconic Mountains remains as a consideration
it seems more plausible that S. t. tenuis survived the Pleistocene
ice advances in a subsurface refugium in the southern Taconic
Mountains.
Holsinger (1967) hypothesized that prior to the Pleistocene
Epoch "ancestral populations" of S. t. tenuis and the closely re-
leted S. allegheniensis (Holsinger) occurred "along the Peid-
mont and higher ground of the Coastal Plain of southern New
England southwestward to east-central Virginia." If Holsing-
ger's (1967) postulations are correct and if it can be assumed
that S. t. tenuis survived in a Taconic Mountain refugium
throughout the various glacial periods of the Pleistocene
Epoch, then the continued persistence of S. t. tenuis in the south-
ern Taconc Mountains represents a relict of an early distribu-
tion of the species.
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ADDENDA
Since the manuscript was submitted, Stygobromus borealis has been col-
lected from Benton Hill, New Marlborough, Massachusetts.
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Two new genera of cave-dwelling millipedes (Diplopoda),
with remarks on the millipede fauna
of West Caucasian caves
Sergei I. Golovatch *
SUMMARY
Two new genera and species of the Diplopoda from Caucasian caves are
described: troglobitic Caucasodesmus inexpectatus n.g., n.sp. (family Ma-
crosternodesmidae) from a cave in North Osetia, North Caucasus, and tro-
glophilic Ratcheuma excorne n.g., n.sp. (family Antroleucosomatidae) from
a cave in Racha, Georgia, Transcaucasia. Millipedes of the western Cauca-
sian cavernicolous fauna are reviewed as regards their distribution, relation-
ship with caves and zoogeographical connections.
Millipedes are quite common in caves of all geographical
zones, but the USSR cavernicolous diplopod fauna is still very
" poorly known. Only 12 species and 1 subspecies of the myria-
pods have hitherto been registered in Transcaucasian caves
IVerhoeff, 1930; Lohmander, 1936; Strasser, 1970; Golovatch,
1975, 1976, 1983, two or three forms of them being possible
troglobites.
A general aspect of both terricolous and cavernicolous mil-
lipedes of the Caucasus is Ancient Mediterranean; the only
exception is the oriental genus Hyleoglomeris with several Cau-
casian endemic species, one of which has been recorded so far
* Institute of Evolutionary Morphology & Ecology of Animals, USSR Aca-
demy of Sciences, Moscow v-n, Leninsky prospekt 33, USSR.
40 S.1. GOLOVATCH
only in a cave in the Mountanous Karabakh, Soviet Azerbaijan
(Golovatch, 1975). All the more interesting seem the finds of
two new genera and species of diplopods from Caucasian caves
displaying, along with many other cavernicolous invertebrates
of this region (Birstein, Ljovuschkin, 1967), Ancient Mediterra-
nean faunal connections. The holotypes and paratypes of the
forms described herein are deposited in the collection of the
Zoological Museum of the Moscow State University, Moscow,
USSR.
Caucasodesmus gen.n.
Body small (less than 1 cm), of 19 segments. Antennae
long and slender; article 6, the largest one, with a dorso-distal
group of ca. ten bacilli. Body rings are very convex on the dor-
sum, without lateral keels, but with distinct lateral swellings
provided with dentate margin; 3 transverse rows of several
long setae on terga. Pore formula normal. Sculpture very poorly
developed.
Gonopods consist of quite globose coxites fused medially.
No sign of coxal horns (cannulae). Telopodite small; the pre-
femoral portion rather elongated, more or less transverse and
forming a right angle with the acropodite; telopodites in situ
held approximately parallel, without a trace of seminal groove,
divided distally into two distinct branches.
Type species: Caucasodesmus inexpectatus sp.n.
Caucas'odesmus n.g. is a most peculiar representative of the
order Polydesmida. Aside from the new form, simultaneous
loss of both coxal horns and seminal groove of gonopods is
met with only in the rhachodemid genus Atopogonus Carl
from New Caledonia (Carl, 1926); however, the loss seems to
have occurred in the two genera quite independently.
Another peculiarity of Caucasodesmus n.g. is a somewhat
intermediate position between members of the families Tricho-
polydesmidae s. str. and Macrosternodesmidae. Judging from "
the quite globose gonocoxae and certain external features, Cau-
casodesm.us n.g. may be treated related to Trichopolydesmus
Verh., Bacillidesmus Att. and Napocodesmus Ceuca from SE
Europe. The two latter genera were formerly placed within the
independent family Bacillidesmidae. but an apparently close
relationship of bacillidesmids with Trichopolydesmus resulting
in the family Trichopolydesmidae s.str. (Hoffman, 1979) seems
to exist. More expressed is the relationship of Caucasodesmus
n.g. with a group of genera (Macrosternodesmus Broel., Ophio-
desmus Cook, Verhoeffodesmus Str. from W Europe as well as
Chaeta.spis Boll. and some other «nearctodesmids» from the
CA VE-DWELLING MILLIPEDES 41
Nearctic) characterized by transverse gonoprefemora forming
a right angle with the acropodite, both the latters holding more
or less parallel in situ, namely with the family Macrosterno-
desmidae (Hoffman, 1979, in press). Caucasodesmus n.g. is the-
refore an aben"ant Caucasian relic of probably Ancient Medi-
terranean genesis; anyway, the Caucasus seems to be the known
easternmost outpost for the trichopolydesmid & macrosterno-
desmid phyletic line.
Caucasodesmus inexpectatus sp.n.
Material
Caucasus, N Osetia. ca. 25 km SW of Ordzhonikidze, right
bank of the Fiagdon River, ca. 2 km from the village Tagardon,
Cave Nyvdjinlagat: 5 66', 1 juv. - 5. XI 1971, leg. S. 1. Ljovusch-
kin, B. P. Chevrizov.
The only unbroken specimen, male holotype (p 1525), ca.
7,5 mm long and 0.55 mm wide. 19 body segments. Body colour
uniformly whitish. Head densely pubescent at the anterior part
Labrum with one medial tooth at the anterior margin. Gnatho-
chilarium without peculiarities. Antennae (fig. 1; 1) very IQng
and slender, densely setose; article 6, the largest one, dorso-
distally with a compact group of some ten bacilli. Body monili-
form, slender, with parallel sides, abruptly narrowing at the
body ring 18. Head considerably broader than the ellipsoid col-
lum, a little broader than the body segment 2 and as wide as
the 3rd ring. Each tergite bears 3 transverse rows of several
rather long acute bacillary setae situated on small tubercles.
Pore formula 5, 7, 9, 10, 12, 13, 15 - 18. On every segment there
are evident small lateral projectons dentate at the margin; on
pose-bearing rings the projections, the hinder parts of which
are directed somewhat obliquely dorsally, are considerably bet-
ter developed (fig. 1; 2). Tergite sculpture nearly not expressed.
No pleural swellings or keels. Telson densely setose; the long
epiproct rounded at the apex which is curved notably down.
Legs long and slender, only at the anterior body end they are a
little shorter and enlarged, without peculiarities .
Gonopod aperture transversely broad-oval. Gonopods (fig.
1: 3-5) with quite globose coxites fused medially. No traces
of both the coxal horns and seminal groove. The telopodite
falcate, elongated at the setose prefemoral portion that forms
a right angle with the acropodite. The latter distally divided
into two branches, the dorsal of which (hb), membranous and
flattened, is short, and the ventral one longer, provided with a
tiny inner projection at the very thin base, distallyenlargening
into a rounded outer lobe (ob) and an inner hyaline lamella
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(hJ detJply dentate at the edge. The acropodites in situ held
parallel.
Remarks
Judging from some morphological peculiarities (complete
depigmentation, greatly elongated antennae and legs) , C. inexpe-
ctatus n.sp. is a troglobite. The loss of both the seminal groove
and cannulae (connected with the tiny body size and/or the
t.'oglobiose?) is a highly aberrant feature, that makes it pos-
sible to treat the new form as a Caucasian relic of somewhat
dubious (most probably Ancient Mediterranean) genesis.
Ratcheuma gen.n.
Body of moderate size (ca. 1 cm), of 30 segments. Antennae
long and very slender. No lateral keels, but moderately deve-
loped lateral swellings. 3 + 3 long acute macrochaetae on each
body segment, not including the telson. Promentum present.
Legs long and slender, only leg-pairs 1 and 2 somewhat reduced
compared with subsequent legs.
d'. - Leg-pairs 3 to 7 enlarged, without tarsal papillae. Pairs
10 and 11 with coxal glands; leg-pair 11 without coxal horns.
Anterior gonopods rather short, of complex configuration: with
a well developed antero-medial sternal sack (asp); with a hinder
pair of parabasal long and wide flagelloid projections (p); with-
out clear «telopodites» (lateral branches); with a pair of hind
basal seminal canals. Posterior gonopods consist of nearly in-
dependent coxites dividing into an inner (i) and outer (k)
branch; telopodites absolutely reduced; no podosternite.
Type species: Ratcheuma excorne sp.n.
Ratcheuma n.g. differs from the rest of the family Antro-
leucosomatidae, to which it is ascribed, first of all by the pre-
sence of prominent flagelloids on the anterior gonopods and by"
the lack of coxal horns on the male leg-pair 11. The first pecu-
liarity resembles the genus Antroleucosoma Verh., with two
species from Romania (s. Tabacaru, 1967), but the new form
has much longer flagelloids «telopodites» un clearly split from
the central part, well developed sternal sack, as far as the ante-
rior gonopods are concerned. The two latter morphological cha-
racters resemble the monotypic genus Adshardicus Gol. from
Transcaucasia (Golovatch, 1981), but both genera are as
well distinguishable by the loss of the posterior gonopods' telo-
podites, considerably shorter anterior gonopods, &c., in the new
form.
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Fig. 1 - Caucasodesmus inexpectatus n.g., n.sp., rf rf', paratypes: 1 - antenna,
2 - 10th body tergite (from above), 3 - gonopods (frontal view), 4
- the same (semi-lateral view), 5 - right gonopod (mesal view); hb
- dorsal branch, ob - outer lobe, It - inner hyaline lamella.
Ratcheuma excorne sp.n.
Material
Caucasus, W Georgia, Racha Mountain Ridge, Ambrolauri
district, Cave Nikortsminda near the village Nikortsminda: 1 0
(holotype p 1526), 1 juv. - 25 VIII 1966, leg. R.A. Djanashvili; 3
00, 2 ~ ~ - 15. XI 1972, leg. S. I. Ljovuschkin.
Both males and females up to 11 mm long, 1.0 mm wide. 30
body segments. Body and legs whitish. Occipital suture well
developed. Labrum with 3 medial teeth at the anterior margin.
Around a dozen black ocelli in a formless eye field from each.
side of the head. Cheeks very convex, pubescent. Gnathochila-
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rium with a promentum, stipes densely setose, lingual lamellae
with 6 setae apiece. Antennae very long and slender; length -
width ratios of each of the articles 2, 3, 4, 5, 6 and 7 are 1.7, 5.3
2.0, 3.8, 0.7, 1.4, respectively; length ratios of the same articles
are 1.8, 4.8, 2.3, 3.8, 1.0, 1.5, respectively. 3 + 3 tergal macrochae-
tae on every body ring, excluding the telson. Dorsal axial suture
well developed. Lateral keels absent; instead there are rather
small lateral swellings gradually reducing to the posterior body
end and disappearing from the segments 26 or 27. Macrochae-
tae flattened and apically acute, as long as m - M. Chaetotaxy
formula of a mid-body segment as follows:
a-p 1 m-p 1
= --; --- = - ,angle ca. 110°,
p - m 1.5 M - m 1.5
where a is the antero-Iateral, p is the postero-Iateral, m is the
medial macrochetae, and M is the axial suture.
r3. - Frons somewhat flattened. Leg-pairs 3, 4, and especi-
ally 7 considerably crassate (fig. 2; 2), whereas pairs 5 and 6
enlarged quite moderately (fig. 2; 1). The prefemora with a
small outer projection at the base apiece. Leg-pairs 10 and 11
with coxal glands, the 10th (fig. 2; 4) a little enlarged compa-
red with mid-body legs, with coxal spines, and the 11th (fig. 2;
3) normal, without any modifications on the coxae. No tarsal
papillae.
Anterior gonopods massive (fig. 2; 5, 6), rather short; with
quite a big al1tero-medial sternal sack (asp) covered with small
dense spines; with complex membraneous disto-Iateral laminae;
with large flattened and bent caudal paramedial apical proces-
ses (mp); with a large medial membraneous lamella (mll; with
small antero-Iateral fingers (l); with a pair of large long broad
parabasal flagnlloid projections (p) situated in corresponding
depressings; basally with a pair of seminal canals (sg); without
clear «telopodites». Posterior gonopods (fig. 2, 7) with a large
platelike sternite (stJ, without a sign of telopodites, ante-
riorly with a paramedial pair of gland canals (srJ. Coxae split
into two branches, a sack-shaped membraneous inner one (iJ "
provided with a ventral papillar field apiece and a higher outer
one (kJ, well Sclerotized and horn-like.
~ ~. - Frons slightly convex. Legs without peculiarities.
Vulvae not removed.
Remarks
Judging from the presence of quite a number of well pig-
mented ocelli, R. exoorne n.sp. seems to be no more than troglo-
philic, this view being supported by the finds of a trogloxene
Fig. 2 - Ratcheuma excorne n.g., n.sp., 66, paratypes: 1 - leg-pair 6 (frontal
view), 2 - leg-pair 7 (caudal view), 3 - leg-pair 11, 4 - leg-pair 10, 5
- anterior gonopods (caudal view), 6 - the same !lateral view), 7 -
posterior gonopods (frontal view); asp - antero-medial sternal sack,
mp - apical paramedial processes, ml - medial lamella, l - antero-
lateral fingers, p - flagelloid projections, sg - seminal canals, tra -
tracheal apodemes, st - sternum, sr - glandular canals, i-inner
branch, k - outer branch.
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pigmented Cylindroiulus sp. (Julidae) and trogloxene or tro-
glophilic Brachydesmus ferrugineus Lohm. (Polydesmidae) in
the same cave (Nr 36, fig. 3).
A REVIEW OF THE WEST CAUCASIAN CAVERNICOLOUS
MILLIPEDE FAUNA
At present, if literature data are also considered, millipedes
are known from more than forty caves and grottos of the West
Caucasus, most of them being situated in western Transcauca-
sia within three biospeleological regions: northwestern (the
Black Sea coast NW of Gagra - Gudauta), Abkhazian (the
Black Sea coast from Gagra-Gudauta to Ochamchire) and West
Georgian ones (environs of Kutaisi and Tshaltubo and Racha
Mts.). The biospeleological division of western Transcaucasia
in general corresponds to karstological and hydrographical
ones, being supported by the presence of peculiar faunal com-
plexes in each of the regions (Birstein, Ljovuschkin, 1967).
Up to now, due to scanty data on both taxonomy and fau-
nistics of Caucasian cave-dwelling millipedes, the Diplopoda
have been applied for biogeographical reconstructions and cha-
racteristics of relations with caves to a limited extent. Even now
such data are still far from complete.
When examining the diplopod cavernicolous fauna of the
western Caucasus on the whole, one may notice that it is sur-
prisingly monotonous, especially at generic and/or familial le-
vels. Thus, the genera Archileucogeorgia, Trachysphaera, the
family Antroleucosomatidae turn out to be quite common-
place there, but the majority if not all of the species from these
taxa are apparently no more than troglophilic.
The genus Archileucogeorgia (Julidae) is very wide-
spread in Georgian caves. In Abkhazia, species of this genus oc-
cur in caves Kelasuri (= Aleksandrovskaya) (Nr 15, fig. 3)
nearby Sukhumi (locus typic us! for A. abchasica Lohm. and A. -'
satunini Lohm. - Lohmander, 1936) and Abrskili (= Ablaskiri,
Chilovskaya, Achsze-Tyz-Gua) (Nr 18) nearby Ochamchire (A.
abchasica Lohm.- Birstein, 1950; Kobakhidze, 1965). In Imeretia
and Racha, Archileucogeorgia spp. are known from caves Sa-
kadjia (Nr 21), Chuneshi (Nr 22). Belaya (= Tskhaltubskaya
Stalaktitovaya) (Nr 25), Sataplia I, II and IV (Nr 26), Tsikhe
(= Zedakvilishoril (Nr 27) in the environs of Kutaisi and
Tskaltubo, Imeretia, as well as in caves Tkibula-Dzevrula (Nr
30) nearby Tkibuli, Tvishi (Nr 31l near Tsageri, Tsakhi (Nr 32)
near Ambrolauri and Bnelaklde (Nr33) in the environs of Chi-
atura, Racha. Quite a surprisin~ discovery of an Archileuco-
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Fig. :3 - Distribution of cave-dwelling millipedes of the western 'Caucasus.
Caves: 1 - Partizanskaya, 2 - Pionerskaya, 3 - Bozhyey Materi (Our
Lady), 4 - Dolgaya, 5 - Vorontsovskaya, 6 - Labirintovaya, 7 - Pod-
parapetnaya, 8 - Nizhne-Kazachebrodskaya, 9 - Verkhne-Kazache-
brodskaya, 10 - Tarkili, 11 - Adzaba. 12 - Sobachya, 13 - .Zmeyka.
14 - Kazandji, 15 - Kelasuri, 16 - Mikhaylovskaya, 17 - Tsebelda,
18 - Abrskili, 19 - Inguri, 20 - Motena, 21 - Sakadjia, 22 - Chuneshi,
23 - Orpiri I and II, 24 - Solkota, 25 - Belaya, 26 - Sataplia I, II and
IV, 27 - Tsikhe, 28 - Gliana, 29 - Riongesovskaya, 30 - Tkibula-Dze-
vrula, 31 - Tvishi, 32 ~ Tsakhi, 33 - Bnelaklde, 34 - Kudaro. 35 - Ny-
vdjinlagat, 36 - Nikortsminda. 37 - Fanagoriyskaya. 38 - Psebe.
georgia sp. in the Cave Fanagoriyskaya (Nr 37) in Ciscaucasia
is indicative of the relationship not with the northwestern, but
with the Abkhazian and/or West Georgian biospeleological re-
gions lBirstein, Ljovuschkin, 1967). All or nearly all cavernico-
lous Archileuc>ogeorgia spp. of West Caucasus are presumed
to be troglophilic; thus, both A. abchasica and A. satunini were
described from one and the same cave which argues against
their troglobiose; besides, A. satunini was found later in forest
litter nearby Tsebelda, Abkhazia (det. C. Dziadosz, the colle-
ction of the Zoological Institute of the USSR Academy of Scien-
ces, Leningrad), and another species occurred in forests of the
Caucasian State Reservation, North Caucasus (Ghilarov, 1972).
Species of the genus Trachysphaera (Glomeridae) from
Caucasian caves are better known (Golovatch. 1976). Within
the northwestern region, in the environs of Sochi, T.minuta
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was described from caves Partizanskaya (= Smaller Voront-
sovskaya) (Nr II and Nizhne-Kazachebrodskaya (= Nizhne-
Mzymtinskaya) (Nr 8) (locus typicusfJ; in the West Georgian re-
gion, in Imeretia, T. fragilis is quite common in caves Motena
(Nr 20) in the environs of Gegechkori, Orpiri I and II (Nr 23),
Solkota (Nr 24), Sataplia I, II and IV (Nr 26) and Gliana (Nr
28) (locus typicusfJ near Kutaisi and Tskhaltubo. T. orientalis
Gol. is known only from the Cave Bnelaklde (Nr 33) (locus ty-
picustJ and just at its entrance, Racha; a T. aff. orientalis (pro-
bably a new form) was discovered in the Cave Tsakhi (Nr 32),
Racha. The Cave Orpiri I (Nr 23) is both the only locality and
locus typicus! for T. salida Gol. All the cave-dwelling Trachy-
sphaera spp. are obviously no more than troglophilic; this is
so far clear for T. orientalis only (Golovatch, 1976).
Cavernicolous Antroleucosomatidae, being quite common-
place in western Transcaucasia, are taxonomically very poorly
worked out. Caucaseuma lohmanderi Str. is known from caves
Partizanskaya (Nr 1), Bozhyey Materi (= Our Lady Nr 3), Dol-
gaya (Nr 4), Vorontsovskaya (= Larger Vorontsovskaya) (Nr
5) (Strasser, 1970), Labirintovaya (Nr 6), Podparapetnaya (=
Muzeynaya Il (Nr 7) (ll and Nizhne-Kazachebrodskaya (Nr 8),
all near Sochi. Ratcheuma excorne n.g., n.sp. occurs in the Cave
Nikortsminda (Nr ,36) (locus typicusfJ. Racha. Still not proces-
sed antroleucosomatids are known from caves Tarkili (= Tar-
kiladze) (Nr 10) near Gudauta, Adzaba (Nr 11), Sobachya (=
Verkhne-Esherskaya) (Nr 12), "Zmeyka" (Nr 13), Kazandji (=
AID near Sukhumi, Tsebelda (Nr 17) near Gulripsha, all in
Abkhazia. All the antroleucosomatids from western Caucasian
caves are apparently troglophilic, since they all have quite nu-
merous and pigmented ocelli.
In zoogeographical aspect, these predominant troglophilic
groups, Archileucogeorgia, Trachysphaera and Antroleucosoma-
tidae, display clear Ancient Mediterranean faunal conne-
ctions. Another troglophilic form to be mentioned is Nopoiulus
kochii (Gerv.l (Blaniulidae) large populations of which inha-
bit caves Nizhne-Kazachebrodskaya (Nr 8) and Verkhne-Kaza-
chebrodskaya (= Verkhne-Mzymtinskaya) (Nr 9) in Sochi di-
strict. As trogloxene or troglophilic at the best should be con-
sidered Pachyiulus foetidissimus (Mur.l (Pachyiulinae) found in
(ll K. Strasser (1970) described two new diplopods, C. lohmanderi and Bra-
chydesmus ferrugineus exiguus. and designed the Cave .Baribana. near
the village Ilarionovka, environs of Sochi, as the locus typicusl for both of
them As soon as there is no cave or grotto with such a name not only at
Ilarionovka. but near Sochi on the whole, it seems that the .Baribana. is
in fact identical with the Cave Podparapetnaya (Nr 7) which indeed is
situated nearby Ilarionovka and contains a large population of C. lohman-
deri (author's observations failed, however, to revel a Brachydesmus
there!.
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a grotto near Novorossiysk and in the Cave Pionerskaya (Nr 2)
near Sochl; ? Hyleoglomeris sp. (Glomeridae) from a tectonic
cave (Nr 38) in the upper reaches of the Psebe River, Tuapse
a.rea; Nopoiulus (Paranopoiulus) spp. (Blaniulidae) from the
Cave Kelasuri (Nr 15) nearby Sukhumi, Abkhazia, and from a
number of North Caucasian caves (det. H. EnghoffJ; Chroma-
toiulus dioscoriadis (LignJ (Julidae) from the Cave Mikhaylo-
vskaya (Nr 16) near Sukhumi (Lohmander, 1936; Kobakhidze,
1965); ? Choneiulus sp. (Blaniulidae) from the Cave Inguri (Nr
19) discovered and destroyed during the building of the Inguri
hydroelectric power station, Zugdidi area, Mingrelia, Georgia;
Brachydesmus kalischewskyi Lign. (Polydesmidae) from the
Cave Kudaro (Nr 34) near Djava, South Osetia, Georgia.
True troglobites of the Caucasus are represented by highly
local and relic forms. Thus, quite an aberrant endemic, Cau-
casodesmus n.g. (Macrosternodesmidae), with the only C. inex-
pectatus n.sp., is known just from the Cave Nyvdjinlagat (Nr
35), North Osetia.
The two hitherto known species of the Caucasian endemic
genus Leucogeorgia (Julidae) are restricted to one cave each:
L. longipes Verh. to the Cave Rion (= Riongesovskaya) (Nr 29)
near Kutaisi, Imeretia (Verhoeff, 1930), discovered and des-
troyed during the building of the Rion hydroelectric pow~r sta-
tion, and L. rediviva Gol. to the Cave Sobachya (Nr 12) near
Sukhumi, Abkhazia (Golovatch, 1983). Therefore, there are
faunal connections between troglobites of the West Georgian
and Abkhazian biospeleological regions. On the whole, the ge-
nus Leucogeorgia is very closely related to if not a derivative
of another Caucasian endemic, namely the genus Archileuco-
ge'orgia. The tribe Leucogeorgiini is known to include five
small relic genera distributed, aside from the Caucasus, in Gree-
ce, Sardinia and Spain (Strasser, 1976).
The only hitherto known Caucasian species of the Balkan
genus TyphkJglomeris (Glomeridellidae), namely T. caucasica
Gol. from caves Partizanskaya (Nr 1), Bozhyey Materi (Nr 3),
Dolgaya (Nr 4) (locus typicus!J, Vorontsovskaya (Nr 5), all near
Sochi, is another probable troglobite expressing, along with nu-
merous other cave-dwelling Caucasian invertebrates (Birstein,
Ljovuschkin, 1967), distinct Ancient Mediterranean zoogeogra-
phical connections (Golovatch, 1975).
Morphologically, adaptations of the diplopod troglobites of
the Caucasus to cavernicolous mode of life display in certain
aberrations (i.e. very peculiar mouthparts of Leucogeorgia or
quite a strange loss of both cannulae and seminal groove of go-
nopods in Caucasodesmusn.g.l, very long and slender anten-
nae and legs, complete or notable reduction of the number of
ocelli and their depigmentation, decoloration of body teguments.
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RESUME
Deux nouveaux genres et especes de Diplopodes des grottes du Caucase
sont decrits: Caucasodesmus inexpectatus n.g., n.sp. (la famille des Macro-
sternodesmidae), troglobie d'une grotte d'Ossetie-Nord (Caucase du Nord),
et Ratcheuma excorne n.g., n.sp. (la famille des Antroleucosomatidae), tro-
glophile d'une grotte do Ratcha (Georgie, Transcaucasie). Les Diplopodes
de la faune cavernicole du Caucase occidental sont traites, par rapport a.
leur distribution, aux relations avec les grottes et aux connections zoogeo-
graphiques.
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Polydesmide et Craspedosomides cavernicoles
nouveaux de France et du Maroc
(Myriapoda - Diplopoda)
Jean Paul Mauries *
SUMMARY
This is a description of the affinities and biogeographic significance of
three new cavemicolous species of Diplopoda from France and Morocco. One
species apparently belongs to the Polydesmida (family Paradoxosomidae)
and the other two to Craspedosomida (families Caratosphydae and Chordeu-
midael.
1) EV.iulisoma abadi n.sp. is distinguished from other species of this ge-
nus by total depigmentation, by the characters of the gonopodial orifice and
the male gonopods, by the low number of segments (19) and by its geogra-
phic isolation (Morocco) and ecology (Kef Aziza cave). This justifies the
establishment of a new sub-genus, Jeekelosoma. The other species of this
genus are found in equatorial Africa and the east. E. abadi is the first paleoar-
ctic species of this genus and is the second paleoarctic species of the tribe
Eviulisomidi after Borev.iulisoma liouvillei Brol.l. It is also the first
known from a cave. Like the two other known species of Paradoxosomidae
known from the southwest of the paleoarctic zone, Boreviulisoma liouvillei,
Bro!. and Oranmorpha guerinii (Gerv.) the new species is indicative of ori-
ginating in the ethiopian region at a time when the Sahara was not a bar-
ren desert.
2) Ceratosphys maroccana n.sp. from Gouffre Friouato (Morocco) pro-
bably is not an epigian troglophile; it is the southemmost species of this
.genus which is normally found in France and Spain. This is apparently a
remnant of a small group of species from the south of Spain that constitute
a sub-genus Proceratosphys Mau. and Vincente.
3) Orthochordeumella leclerci n.sp. <Cavs of Ardeche, France) manifest
the presence unique in this genus of cavemicolous characters including de-
pigmentation and extreme length of antennae and is the only truly troglo-
bitic species of this genus. Other characters are less distinctive but it is pos-
sible to distinguish by sexual characteristics this from other species, notably
that from the neighboring geographic area, O. cebennica (known only from
the Ardeche region) which is troglophilic. The other three species are found
in epigean forest habitats, one in the Pyrenees, the other two in the Tyrol.
the Swiss Jura, Baden and the northeast of France and Belgium .
• Laboratoire de Zoologie (Arthropodes) du Museum National d'Histolre
Naturelle, 61 rue de Buffon, 75005 Paris, France.
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POLYDESMIDA
t
Paradoxosomidae
Eviulisoma (Jeekelosoma subg. nov,) abadi n.sp.
Loc. typ.:
Maroc, region orientale du Haut-Atlas, Tazzouguert, grotte
Kef Aziza, 22-8-1977, colI. J. Abad et A. Garde (leg. A. Lagar),
1 0 holotype, 2 0 1 <¥ paratypes.
Caracteres morphologiques externes:
19 anneaux dans les deux sexes; un apode outre Ie tel son
(donc 29 paires de pattes chez la <¥) tubercules poriferes sur les
anneaux V, VII, IX, X, XII et XIII, XV a XVIII; corps entierement
depigmente (blanc jaunatre); silhouette tres gracile et monili-
forme.
Mensurations (en mm.):
Longueur Largeur Largeur Largeur Largeur Longueur Longueur
tete collum anneau anneau antenne patte
VI XVIII
6 holotype 12
6 paratype 11.5
6 12.5« 13
0,95 0,60
0.75 0.50
0.95 0.60
0.90 0.60
0.75
0.60
0,80
0.70
0,90
0,75
0,90
0.85
1,8
1.4
2,2
2.1
1.2
1
1,5
1,2
Capsule cephalique hemispherique, a contour regulierement
arrondi en vue orale. a labre bien echanre et tridente; quelques
soies fines eparses sur Ie vertex; fosses antennaires proches l'une
de l'autre: l'ecart qui les separe est egal a leur diametre; orga-
nes post-antennaires petits (leur diametre est Ie 1/5 de celui
d'une fosse antennaire) et bien separes (a une distance du 4/5
du diametre d'une fosse) des fos~es antennaires. Antennes lon-
gues (fig. 5), a articles moderement claviformes; 6eme article
portant sur la partie distale de sa face dorsale un bouquet de
papilles sensitives.
Collum et anneaux moyens comme sur les figures 6; les crene-
lures latero-dorsales sont plus marquees sur les anneaux ante-
rieurs que sur les autres: a noter l'existence de faibles crene-
lures parasternales. On observe sur tous les anneaux la presen-
ce de trois rangs transverses de minuscules soies (au nombre
de 8 a 12) tres fines; Ie deuxieme rang se reduit a 2 (1 + 1) soies
sur les anneaux II a VI. Tubercules poriferes en cylindres courts
dont la section va s'al1ongeant sur les derniers anneaux.
Pygidium et valves anales (fig. 3 et 4) a soies longues et fi-
nes. Pattes (fig. 2) sans particularites notables; a noter cepen-
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Fig. 1-9. Eviulisoma (Jeekelosoma) abadi n.sp., (] holotype. - I, tete et trois
premiers anneaux, vue dorsale - 2, P.5 - 3. dernier anneau, vue
ventrale - 4, avant-demier et demier anneaux, vue dorsale - 5, une
antenne - 6. septieme anneau, vue dorsale - 7, Ie meme. vue ven-
trale - 8, vue posterieure de l'orifice gonopodial - 9, vue laterale,
legerement ventrale. du meme.
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dant la presence d'un leger renflement ventral dans la partie
distale du femur.
Caracteres sexuels:
Orifice gonopodial (fig. 7-9) tres remarquable par l'existen-
ce d'une semicloison sagittale qui separe presque entierement
les deux moites de l'orifice (qui ne restent en communication
qu'anterieurement) et qui emet ventralement une courte expan-
sion en lame de couteau (a).
Gonopodes (P.8, fig. 10-1.3) a prefemur court, comme chez
la quasi totalite des Eviulisoma. Tibiotarse divise aparemment
en deux branches: une branche interne S, arquee, dont Ie bord
oral est souligne par une longue rainure seminale regulie-
rement arquee; cette branche se divise distalement en deux
branches inegales dont la plus longue est allongee en ruban s
(a bord subparalleles) d'abord droit, et dont la partie distale
se recourbe fortement de telle sorte que son extremite vient
toucher la partie droite. Dans la rainure, que l'on peut suivre
depuis la base jusqu'a l'extremite de s, se trouve loge un long
flagelle F (solenomerite) que l'on ne peut observer qu'en l'extir-
pant (fig. 12). L'autre branche T, est une simple lame etroite et
haute, droite, it extremite en pointe.
Remarques
Malgre la grande heterogeneite du genre Eviulisoma (ll,
qui rend la subdivision en sous-genres un peu prematuree, nous
pensons qu'il est possible de creer tout de meme, pour notre
nouvelle espece, un nouveau sous-genre, que nous dedions, en
temoignage d'estime pour l'homme et pour Ie myriapodologiste
qui connait Ie mieux la famille des Paradoxosomidae, Ie Dr.
c.A.W. Jaekel, d'Amsterdam.
La creation d'un sous-genre Jeekelosoma nous parait se
justifier:
10 / par son isolement geographique et ecologique, qui re-
tentit sur les caracteres externes;
2~ / par ses caracteres gonopodiaux: d'abord, par la forme
de l'orifice gonopodial, qui est particulier; ensuite et surtout, par
Ie solenomerite, flagelliforme comme chez des autres epeces du
genre, mais qui est independant plus basalement; ce solenomeri-
te est dissimule dans un long solenophore. II est a noter que ce
dernier, dans sa portion la plus distale, devient une branche
etroite dont l'aspect, la direction et l'enroulement apical rap-
pellent beau coup l'image formee, non par Ie solenophore, mais
par Ie solenomerite lui-meme, dans un autre genre de la meme
tribu, marocain lui aussi, Boreviulisoma.
(1) Notre conception du genre est celle d'Hoffman, 1953, puis Jeekel, 1968:
son aire s'etend du Zaire it I'Ethiopie, en passant par Ie Ruanda, la Tan-
zania et Ie Kenya.
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Fig. 10-13:Eviulisoma (Jeekelosoma) abadi n.sp., gonopodes (P.Bl du c3 holo-
type. - 10, face caudale - 11, vue laterale externe - 12,.meme vue,
Ie flagelle degage de son logement - 13, vue interne.
CRASPEDOSOMIDA
Craspedosomoidea
Ceratosphydae
Caracteres morphologiques externes:
Loc typ.:
Maroc, Moyen-Atlas, regIOn de Taza, Gouffre du Friouato,
altitude 1500 m, mars 1968, colI. H. Coiffait, 1d' holotype, 1d'
1 <.l? paratypes.
Caracteres morphologiques externes:
30 anneaux; coloration pale avec seulement une faible pig-
mentation rosatre sur les prozonites, brun~clair dorsalement
sur les metazonites entre les boursouflures dorso-Iaterales. et
sur les flancs; les boursouflures sont depigmentees; tete, an-
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tennes, pygidium et extremite des pattes brun-rosatres. Yeux
dans un champ hemi-circulaire noir.
Mensuration et nombre d'ocelles
Longueur Largeur Diametre vertical Nombre
mm mm mm d'ocelles
(] holotype 11 1,2 0,7 23
(] paratype 14 1,3 0,8 23
<;> paratype 12 1,4 1 24
Antennes longues (1,8 mm chez Ie 0 holotype); massue an-
tennaire 7 fois plus longue que large.
Collum en demi-Iune, portant 3 + 3 macrochetes.
Anneaux moyens ados aussi bombe et a boursouflures dor-
so-laterales aussi developpees que chez les autres especes du
genre: macrochetes fins et courts, formant entre eux, de chaque
cote, un angle droit. Le macrochete interne est tres legerement
plus proche du macrochete moyen (antero-Iateral) que du sil-
Ion dorso-median, et sa longueur est environ les 2/3 de la di-
stance qui la separe de ce dernier.
Caracteres sexuels 0:
P.3 a P.7 un peu plus fortes que les autres paires.
P.lO et P.ll a prefemurs tres renfles, comme chez nodipes
et deharvingi.
Gonopades (P. 8, fig. 14-16) tres voisins de ceux de nodipes,
deharvingi et solanasi (2), notamment par la division en deux
branches T et C du pseudocheirite, et par Ie profil du syncol-
pocoxite K. Ils s'en distinguent d'abord par les structures de
detail de ces pieces, mais surtout par la presence, en arriere du
syncolpocoxite K habituel, d'une sorte de deuxieme syncolpo-
coxite k qui n'existe chez aucune autre espece du genre.
Paragonopodes (P.g, fig. 17) a ramification coxale non mem-
braneuse.
Caracteres sexuels <;?:
Vulves de formes extremement VOlsmes (fig. 18) de celles
de deharvingi. Elles s'en distinguent par une moindre dissyme-
trie de la bourse, la forme plus allongee (sublosangique) de la
formation lamellaire qui surmonte l'opercule, et la plus grande
largeur de l'organe postvulvaire v, dont Ie bord externe est ici
crenele.
(2) P. solanasi, considere par ses auteurll (Mauries et Vincente, 1978), com-
me type d'un genre Proceratosphys, en raison d'une certaine disconti-
nuite des caracteres, nous parait aujourd'hui difficilement separable des
autres Ceratosphys. Proceratosphys peut neanmoins etre considere com-
me un sous-genre regroupant quelques unes des especes betico-rifaines
du genre.
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F'Ig. 14-18'C. eratosphnopodesl ~s maroccana n.smemes vue 6" face orale p., rf holotype Qde, ~ive, laternle _ 17 P~ IS, Ie, m''';e {'"rntype.14 P. ' ' (paragonopo~' lace caudal~ _' 8 (go-es _ 18, 'j'. 16, les, vue distale
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Affinites, Remarques:
Ceratosphys maroccana, s'il n'est pas Ie premier Craspedo-
somidae decouvert en Afrique du Nord (.3), en est Ie premier
Ceratosphys, et l'espece la plus meridionale du genre. Elle se
rattache tres etroitement a un petit groupe d'especes betico-ri-
faines qui pourraient etre rassemblees dans un sous-genre Pro-
ceratosphys (Mauries et Vicente, 1978) comprenant solanasi
Mauries et Vicente, 1978, nodipes (Attems, 1952) et deharvingi
Mauries, 1978.
Notre nouvelle espece est seulement la deuxieme du genre
11 etre signalee dans une grotte. Sa depigmentation, meme in-
complete, semble indiquer que nous sommes la en presence,
sinon d'une espece, du moins d'une population troglophile, ce
qui etait aussi Ie cas de l'autre espece cavernicole, solanasi, de
la province d'Albacete en Espagne. Toutes les autres especes
du genre sont des formes pigmentees silvicoles ou montagnardes
. (ripicoles et nivicoles), tres rarement trouvees dans des grottes.
Le Gouffre Friouato, outre notre Ceratosphys, abrite un au-
tre Craspedosomide, Origmatogona strinatii Manfredi, 1956. Cet-
te station constitue la localite la plus meridionale de la zone
palearctique occidentale pour les Craspedosomides.
..
II
Chordeumoidea
Chordeumidae
Orthochordeumella leclerci n.sp.
Doc. typ.: _-to
France, Ardeche, Banne, riviere souterraine, 30-9-1978, colI.
Ph. Leclerc, 1d' holotype, 1d' 19 2 j. paratypes.
Autre loc.:
France, Ardeche, Brahic, grotte des Huguenots, 30-9-1978,
colI. Ph. Leclerc, 2d' 2j.
Les caracteres externes sont ceux du genre (cf. Brolemann,
1935); a noter cependant un allongement notable des antennes
et des pattes ambulatoires; la longueur de ces dernieres est
egale ou superieure a 2 fois Ie diametre vertical du corps (ce rap-
port n'est que de 1,5 chez les autres especes.
Mensurations (en mm)
Longueur Largeur Diametre vertical 1.antenne 1. P.22
a holotypea paratype
C( paratype
15
17
18,5
0,9
0,9
1
1
1
1,2
3,75
4
4,15
2,4
(3) Craspedosoma polycfesmoidea Lucas, 1849 (Algerie. Lac Tonga). Basigona
lucasii Silvestri, 1896 (Tunisie: Ain Draham). Origmatogona strinaUi
Manfredi, 1956 (Maroc, Gouffre Friouato), Meinerteuma edoughensis
(Algerie, massif de J'Edough).
•'(-
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Fig. 19-24: Orthochordeumella leclerci n.sp., c3 holotype, C( paratype. - 19,
P.7 c3 - 20, P.8 (peltogonopodesl - 21, les memes, vue laterale - 22.
P.9 (gonopodes), vue laterale - 23, les memes, vue orale - 24, C(: P.2,
vulves et platosternite (pU en vue distale.
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Les ocelles sont petits, inscrits dans un champ pyriforme
noir dont la pointe est en avant: 24 ocelles chez Ie r3 holotype, 18
chez Ie r3 paratype, 22 chez la <j? paratype.
Caracteres sexuels r3:
P.7 (fig. 19) a colpocoxite k simple (comme chez fulva et
pyrenaicaJ, mais, ni sineux, ni brusquement arque.
P.8 (fig. 20-21) a saillie sternale k en lame sagittale, ap-
paraissant comme tres plate de la base au sommet en vue orale
ou caudale; en vue laterale (fig. 21), cette lame est en forme de
palette en ovale allonge; les telopodites T sont du type de pallida
et pyrenaica (pas de saillie externe subbasale), mais la feuillet
interne caudal f est plus developpe.
P.9 (fig. 22-23) se distinguant de celles des autres especes
par Ie grand allongement et la forme bien differente du pilier
CRin Br6lemann 1935, R et r in Mauries, 1965); deja plus deve-
loppe chez pyrenaica que chez les autres especes, il s'allonge
encore davantage ici; cet allongement est surtout visible en vue
laterale: il se traduit par la presence d'une formaton en spatule
R portee sur un petiole assez long et que ron peut voir meme
in situ sur les r3 non disseques.
P.lO et P.ll tres semblables a ceux des autres especes.
Caracteres sexuels <j? (fig. 24):
L'espece se signa Ie par Ie grand developpement de lobes L
arrondis (visibles lateralement in situ sur une <j? non dissequee
(qui se detachet de part et d'autre at en arriere du sternite des
P.2 et viennent s'appliquer sur la partie orale et externe des vul-
ves; ces lobes, directement accoles au sternite. sont beau coup
plus lateraux que les sclerifications du vestibule vulvaire z de-
crits par Br6lemarm (1935) chez pallida; une legere dissyme-
trie est due au plus grand allongement vers 1'arriere de la valve
interne.
Remarques:
O. leclerci est peut-etre Ie seul vrai troglobie du genre: seul,
il se signale par 1'allongement considerable des pattes et anten-
nes par rapport aux autres especes. O. cebennica, frequent dans
les grottes de 1'Ardeche, ne presente pas un tel allongement des
membres et n'est probablement que troglophile.
Les autres especes du genre ont la repartition suivante:
O. pallida CRothenbuhler. 1899), epige connu du Tyrol a la
Belgique, en passant par la Suisse, la Haute-Savoie, 1'Ouest et
Ie Sud-Ouest de 1'Allemagne, Ie Nord-Est et rEst de la France
CRothenbuhler, 1899, 1900, Verhoeff, 1900, 1910, Bigler 1913
Verhoeff, 1916, 1917, 1929 Schubart, 1935, Br6lemann, 1935.
Sahli, 1957; Demange, 1970).
"
,-
"
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O. fulva CRothenbuhler, 1899) cohabite avec la precedente,
mais a une aire de repartiton nettement plus restreinte: Jura
suisse, Vosges et Pays de Bade CRothenbuhler, 1899, 1900,
Verhoeff, 1900, 1910, Bigler, 1913, Verhoeff, 1915-1917. Schubart
1935, Br6lemann, 1935).
O. cebennica (Liechtenstein in Br6lemann, 1935), decrite
comme sous-espece de pallida et connue seulement de la vallee
de Mayres (Ardeche), a ete retrouvee plusieurs fois plus au Sud
dans des grottes par Ph. Leclerc, notamment a Grospierres (Gr.
des Conchettes, Aven B.Y., Gratte du Treuil, Aven de la Font-
Vive) et a Beaulieu maume de Quay).
O. pyrenaica (Mauries, 1965) n'est encore connue que de sa
localite type: la foret do Bellissens, a Esplas de Serou (Ariege,
France) .
RESUME
Description, affinites, interet biogeographique de 3 especes nouvelles
cavernicoles de Diplopodes de France et du Maroc, l'une appartenant au
Polydesmida (famille des Paradoxosomidae) et les deux autres au Craspe-
dosomida (familles des Ceratosphydae et Chordeumidae).
1) Eviulisoma abadi n.sp. se distingue des autres especes du genre par
sa depigmentation totale, par les caracteres de l'orifice gonopodial et des
gonopades du 6, par son plus faible nombre d'anneaux (19) et par son iso-
lement geographique (Maroc) et ecologique (grotte Kef Aziza); ce qui justi-
fie la cration d'un sous-genre nouvau: Jeekelosoma. Les autres especes du
genre sont prop res a l'Afrique equatoriale et orientale. E. abadi est la pre-
miere espece palearctique du genre, et, si elle n'est pas la premiere espe-
ce palearctique de la tribu des Eviulisomidi (on connait deja Boreviulisoma
liouvillei BroLl, il semble qu'elle en soit Ie premier cavernicole connu. Com-
me les deux seules autres especes de Paradoxosomidae connues du Sud-Ouest
de la zone palearctique, Boreviulisoma liouvillei et Oranmorpha guerinii
(Gerv'> la nouvelle espece represente manifestement un element d'origi-
ne ethiopienne, temoin d'une periode ou Ie Sahara n'etait pas une barriere
desertique.
2) Ceratosphys maroccana n.sp., du Gouffre Friouato (Maroc), n'est
probablement qu'un epige troglophile; c'est l'espece la plus meridionale du
genre, qui n'etait encore connu que de France et d'Espagne. Elle est etroi-
tement apparentee it un petit groupe d'especes du Sud de l'Espagne avec
qui elle constitue un sous-genre (beticorifain) Proceratosphys Mau. & Vi-
cente.
3) Orthochordeumella leclerci n.sp. (grottes de l'Ardeche, France) sem-
ble etre, en raison de la presence (unique dans ce genre) de caracteres tels
que depigmentation et allongement des pattes et antennes, la seule espe-
ce veritablement troglobie du genre. Outre ces caracteres bien apparents.
elle est facile a distinguer, par ses caracteres sexuels, des autres especes
et notamment de sa plus proche voisine geographique, cebennica (de l'Ar-
deche egalement) qui est troglophile. Les trois autres especes sont des epic
gees silvicoles, l'une des Pyrenees, les deux autres du Tyrol, du Jura Suisse,
du Bade, de la Sarre, du Nord-Est de la France et de Belgique.
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Morphological clines in reduced areas. The case of
Henrotius jordai (Reitter), cave-dwelling beetle
from Majorca Island
Xavier Belles •
SUMMARY
The present paper shows a statistically significant correlation between
the geographical latitude and the morphological variation of the pronotum
of Henrotius jordai (Reitter) (Col." Caraboidea), cave-dwelling beetle from
Majorca island, after studying the linear and curvilinear regression between
~ these two variables.
The existence of specimens situated at different heights of the regression
lines leads to the conclusion that morphological variation is clinal.
The phenomenon of "semi-isolation" to which the studied populations are
subjected, because of their cavemicolous character, allows to explain the
existence of a cline in such a restricted area as that occupied by this beetle
lea. 500 Km2).
It is worth pointing out the interest in the study of these reduced clines
of cavemicolous populations, because they can provide a restricted
"observation field" -easier to deal with- to investigate these genetic pheno-
mena and their evolutive implications.
.I
In a preceding note <Belles, 1976), I dealt with some aspects
related to the systematics of Henrotius jordai (Reitter) (Col. Ca-
raboidea), a cave-dwelling beetle spread over an area of ca. 500
Km2, along Serra Nord, in the north-western portion of the Ma-
jorca island. In that paper I mentioned that in the caves of Ala-
* Centro de Investigaci6n y Desarrollo (C.S.I.C'> cl Jorge Girona Salgado
18-26, Barcelona - 08034, Espana.
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ro, further to the south, there is a predominance of specimens
with the anterior margin of pronotum wider than the posterior
one. In the area of Pollen<;a, on the northern side, the ratio be-
comes even inverse.
This character was one of those used by Jeannel (1950) to
diferentiate two species. Later, with the discovery of interme-
diate locations, both species became united through transition
stages (Belles, I.e'>.
These facts have prompted me to study the variation of
this character, whether it is gradual and if it can be correlated
with geographical factors.
The present work was carried out on a small number of
specimens because, Henrotius are normally rare. The results
obtained are thus limited as a consequence of the few data
available.
STUDY OF THE CORRELATION BETWEEN
THE GEOGRAPHICAL LATITUDE AND
THE SHAPE OF THE PRONOTUM
Material and methods
As all the caves studied lie between 39 and 40° of North
latitude, only the values of minutes and seconds, given in se-
conds, are reported ("reduced latitude" on Table 1). Most coor-
dinates were obtained from the "Inventario espeleologico de
Mallorca" (Encinas et aI., 1974l.
The change of anterior and posterior margin of the prono-
tum, was measured by the IP index, defined as the ratio of the
lenght of those margins (Fig. 1):
AP AP: Anterior margin length of pronotum
IP = --
PP PP: Posterior margin length of pronotum
Most IP values on Table 1 are deduced from the correspon-
ding AP and PP values previously reported (Belles, I.e'>. As
there is no sexual dimorphism in the pronotum shape, the data
include both males and females.
On the other hand, because of the variable number of spe-
cimens for each location, the corresponding IP values were
averaged.
Definitive calculations were carried out with a Hewlett
Packard 9830-A computer.
HENROTIUS JORDAI
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Figure 1 - Pronotum of Henrotius jordai (Reitter>, with indication of the
measured margins.
Table 1. Pronotum index (IPl and geographical data of the studied samples
of Henrotius jordai.
REDUCED SAMPLE IP
N CAVE LATITUDE' SIZE AVERAGE
(Xl (Yl
1 Av. des Picarol Gros 2636* 1~ 1.100
2 Es Bufador de Solleric 2699 56,3~ 1.084
3 Cv. des Torrent de Cuber 2760** 1~ 1.096
4 Cv. de Campanet 2840 16 1.031
5 Cv. de Can Sion 2994 66,3~ 1.030
6 Cv. de Sa campana 3044 16 ,I ~ 1.059
7 Cv. Argentera 3172 1 ~ 1.000
8 Cv. de Llenaire 3188 1 ~ 1.000
/
9 Av. de la Male d'Ariant 3213 1 ~ 0.972
10 Cv. de Cornavaques 3285 66,4~ 1.038
k 11 Cv. de Cal Pesso 3293 16 0.970
12 Cv. de les Rodes 3311 16 ,I ~ 1.000
.\.A
* A. Gines, personal communication
** J. Damians, personal communication
.
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The ccefficients of linear and curvilinear regression (para-
bola of second degree) were calculated, and the results are
shown on Table 2 (values adjusted to four decimals by the com-
puter itself).
The coefficient of determinatic'il. (R2) was in the both cases
relatively high Citwas higher in the case of curvilinear regres-
sion). In the case of linear regression, the correlation coefficient
(r) was statistically significant at 1% level.
Figure 2 shows the graphs of the linear regression (dotted
line) and curvilinear regression (continuous line), obtained di-
rectly from the plotter of the computer.
The present paper demonstrates that the correlation be-
tween geographical latitude and pronotum variation is signi-
ficant (1%). The pronotum index increases gradually from the
northern to the southern specimens. The existence of points in
different heights of the regression lines, leads to the conclusion
that the morphological variation is clinal, in the sense of Huxley
and Haldane (in Margalef, 1974).
It might seem surprising to find a cline in such a reduced
area as the present one, but it must be bon1e in mind that this
species is cavernicolous, with all the biasses this implies. It must
be admitted that in a population of a given cave, possibilities
of migration and genetic interchange with that of another cave
-relatively close, at best- are obviously much more limited than
in typical epigean populations.
According to Mayr (1942), an important clue to understand
the significance of these clines is that usually they are not found
in isolated populations. Thus, the present results can be an in-
direct evidence that the hypogean populations studied are not
complete isolated, in other words, not "strictly" cavernicolous.
In summary, this morphological cline could be explaned
by two important factors, i.e. reduced gene flow and weak en-
vironmental differentiation. These factors are those claimed by
Endler (1977) as inducers of steep clines in reduced areas.
Finally, it is worth pointing out the interest in the study
of these reduced clines of cavernicolous populations, because
they provide a restricted "observation field" -easier to deal with-
to investigate these genetic phenomena in depth.
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Table 2 - Coefficients of linear and curvilinear regression between geogra-
phical latitude and the pronotum index among the studied sam-
ples of Henrotius jordai.
Curvilinear Linear
Regression Regression
(y=a+ bx+cx2) (y=a+bx)
\- Zl 2.5226 1.5098
Coefficients b -0.0008 -0.0002
c 0.0000
• Coefficient of
determinatiol'l R2 0.7381 0.7278
Regression
coefficient r 0.8531
y 1.125
1.100
@
1.075
1.050
1.025
1.000
0.975 @or" @
0.950
2500 2600 2700 2800 2900 3000 3100 3200 3300 3400 3500
/
X
I.,. Figure 2 - Relationship between geographical latitude (X) and IP index of
the pronotum of Henrotius jordai (YJ, for linear (dotted line)
and curvilinear (continuous line) regressions. Numbering of
points refer to the corresponding population cave as depicted
in Table 1.
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RESUMEN
En la presente nota se demuestra la correlacion significativa entre la
latitud geografica y la variacion morfologica del pronoto de Henrotius jordai
(Reitter) (Col. Caraboidea), coleoptero cavernicola de la isla de Mallorca,
estudiando la regresi6n curvilinea y lineal entre estas dos variables.
La existencia de ejemplares situados a diversas alturas de las lineas de
regresion, hace pensar en una varia cion morfologica clinal.
EI fenomeno de "semiaislamiento" a que se yen sometidas las pobla-
ciones estudiadas por corresponder a una especie cavernicola, permite expli-
car el establecimiento de una clina en un area tan reducida como la que
ocupa este coleoptero (aprox. 500 Km2).
Es interesante resaltar el interes del estudio de estas clinas reducidas
que corresponden a poblaciones cavernicolas ya que pueden proporcionar un
"campo de observacion" restringido -y por ello mas fiicil de abordar- para
la investigacion de estos fenomenos geneticos y sus implicaciones evolutivas.
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The anatomy and histology of .the alimentary tract
of the blind catfish Horaglanis Krishnai Menon
T.V. Anna Mercy. & N. Krishna Pilla i••
:::iUMMARY
H. krishnai is a blind catfish inhabiting the dug-out wells at Kottavam
Kerala, South India. Studies on the alimentary tract of the fish show that,
the alimentary tract, though typically teleostean, shows several adaptive
modifications. The bulbous stomach helps in storing food which is helpful
in an environment chronically deficient in food. The ileo-rectal sphincter
helps in retaining the digested food in the intestine for a long duration to
facilitate maximum absorption. This is very helpful as the intestine is short.
The liver is well developed.
The digestive system of teleosts has been studied extensively
both in India and abroad. The first half of the twentieth cen-
tury witnessed a spurt in the study of the alimentary canal, espe-
cially in relation to feeding habits. The histology of the digesti-
ve tract of several freshwater fishes was studied in India (Dhar-
marajan, 1936;Vanajakshi, 1938;Mohsin, 1941, 1946, 1962;Maha-
devan, 1950; Sarbahi, 1951; Kapoor, 1953; Moitra and Bowmik,
1967; Lal, 1968; Mehrotra and Khanna, 1969; Moitra and Sinha
1971, 1972; Sinha and Moitra 1972, 1975, 1976; Thomas, 1975 and
Moitra and Ray 1977). Though the above resume indicates the
availability of a considerable amount of literature on the 'subject,
none of them deal with a blind catfish.
The alimentary canal of all teleosts is built on the same
fundamental plan. But studies undertaken so far have shown
* Fisheries College, Panangad, Cochin 682 506, India.
** Department of Aquatic Biology and Fisheries, University of Kerala, Tri-
vandrum 695 007, India.
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that within the fundamental plan there is considerable varia-
tion in details depending on the difference in feeding habits.
Horaglanis krishnai is a blind clariid inhabiting the dug-out
wells at Kottayam, Kerala, South India. It has a very unusual
habitat in freshwater wells to which they gain entry through
the subsoil drainage system. Moreover, this fish is totally blind.
These two factors are bound to make the fish a specialized
feeder.
MATERIAL AND METHODS
Specimens of Horaglanis were collected from tha dug-out
wells at Kottayam (Latitude 8°4' Nand 10°21' N; Longitude
76°13' E and 77°38' E), Kerala, South India, by draining them.
Fishes were brought to the laboratory in alive condition and the
alimentary canal is dissected out and fixed in Bouin's fluid. Se-
rial sections were taken at 6-8 !J. thickness and stained in Harry's
Haematoxylin, counterstained with eosin.
MORPHOLOGY
General course of the alimentary canal
The alimentary canal of Horaglanis krishnai includes a spa-
cious buccopharyngeal cavity, a straight oesophagus, a bulbous
stomach and a straight intestine which opens out through the
anus (Fig. 1).
The oral aperture is wide, crescentic and slightly upturned,
spanning the entire width of the snout. It is surrounded by four
pairs of barbels. Both jaws are armed with a patch of several
irregular rows of villiform teeth curving inwards (Figs. 2 & 4l.
From the inner margin of both jaws extends, into the buccal ca-
vity for a short distance, a fold of membrane - the buccal mem-
brane. This membrane is crescentic in shape and that of the
upper jaw is called the maxillary and that of the lower the man-
dibular valve. On the floor of the buccal cavity is a muscolar
prominence comparable to the tongue of higher vertebrates. The
tongue is roughly club-shaped and is slightly concave dorsome-
dially. The buccal cavity is roughly equal in length and width.
As the pharynx is not clearly demarcated from the buccal
cavity, H.krishnai has only a buccopharyngeal cavity. However,
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Fig. 1 - Visceral cavity showing the digestive system (diagrammatic).
OE, oesophagus; LI, liver; CB, gall bladder; DU, duodenum;
ST, stomach, I. intestine; R, rectum.
for descriptive purposes the first pair of gill slits is considered
as forming the boundary demarcating these two regions, The
pharyngeal chamber is perforated by four pairs of ventrolateral
gill slits. The pharynx gradually narrows backwards and con-
sists of an anterior and a posterior region, the former carrying
the gill slits. The gill arches are provided with blunt gill rackers.
The posterior part of the pharynx is narrow and imperceptibly
merges with the oesophagus.
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LPT
OOE
UPT
MXV
TUJ
UJ
Fig. 2 - Buccal cavity (diagrammatic). LJ, lower jaw; TLJ, teeth on lower
jaw; MV, mandibular valve; TO, tongue; LPT, lower pharyngeal
teeth; OOE, opening to oesophagus; UPT, upper pharyngeal teeth;
MXV, maxillary valve; TUJ, teeth on the upper jaw; UJ, upper jaw.
The posterior part of the pharyngeal chamber has a pair of
dorsomedian patches of villiform teeth. Placed on the floor of
the pharynx are two triangular patches of villiform teeth cor-
responding to those on the roof.
The oesophagus is a straight tube of uniform diameter. It
enters the stomach which appears as a mere bulbous expansion
of the hind part of the oesophagus. The anterior part of the sto-
mach is thin-walled and the posterior thick-walled. These two
represent the cardiac and pyloric portions respectively.
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The stomach is followed by the intestine, which, on emer-
ging from the stomach, goes forwards up to the middle of the
stomach and then backwards forming a duodenal loop. This
loop has a larger diameter than the intestine proper. The bile
duct enters at the junction of the pyloric stomach with the duo-
and th@re is apparently no well-marked rectum. In a fish 3 cm
denal loop. The intestine goes straight up' to the anal opening
long, the different regions of the alimentary canal had the fol-
lowing measurements. From the lips to the level of the first gill
arch - 2 mm, from the lips to the beginning of the oesophagus
- 3.5 mm, beginning of the oesophagus to the stomach - 4 mm,
stomach - 2 mm, intestine - 7 mm.
Associated organs
Liver
The liver of H. krishnai is large, extending over two thirds
the length of the body cavity (Figs. 1 & 3). It consists of an an-
Fig. 3 - Liver. AL, anterior lobe; GB, gall bladder; PL, posterior lobe.
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terior and a posterior lobe connected by a median narrow por-
tion. The anterior lobe is roughly triangular and covers the
oesophagus and part of the stomach. The left side of this lobe
is continued as the posterior lobe. This lobe lies close to the
intestine.
Gall-bladder
The gall-bladder is sac-like and lies near the stomach. The
bile duct opens into the anterior end of the duodenum.
HISTOLOGY
Lips
The lips are made up of the mucosa and submucosa. The
mucosa consists of a stratified epithelium and a basement mem-
brane. The epithelium is formed of 8-12 rows of hexagonal cells
with rounded centrally placed nuclei. Scattered amidst the epi-
thelial cells are large round or oval mucous cells with eccentri-
cally placed deeply staining nuclei. A number of taste buds,
placed on papillalike extensions of the submucosa, are scattered
in the mucosa. The taste buds are composed of elongated epi-
thelial cells with deeply staining oval nuclei placed near the ba-
se of the cells. The taste buds comunicate to the outside by
means of an opening through which project hair-like exten-
sions of the cells of the taste bud.
The stratified epithelium rests on a thin basement mem-
brane.
The submucosa is a compact layer composed of connective
tissue fibres, blood vessels and nerve fibres.
Buccal membrane
The buccal membrane consists of mucosa, submucosa, mu-
scularis and adipose tissue. The mucosa is formed of stratified
epithelium and basement membrane. The stratified epithelium
consists of 5-6 rows of hexagonal cells with rounded centrally
placed nuclei. Oval or rounded mucous cells are found scattered
in the epithelium. The mucous cells have deeply staining eccen-
trically placed nuclei, and are more abundant on the buccal
membrane than on the lips.
The stratified epithelium rests on a thin basement membra-
ne. This is followed by the submucosa which is made up of a
••
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submucosa, muscularis and serosa. The number of villi in the
duodenum varies from 10-12. Some of them are very broad
while a few are narrow. Most of them are branched. The mu-
cosa consists of elongated columnar cells and oval, rounded or
elongated mucous cells; the elongated ones predominating. The
nuclei of the columnar cells are oval and basally located with
prominent nucleoli. The nuclei of the mucous cells take deep
stain and are mostly concentrically placed. But in some of the
round mucous cells the nuclei are central. The epithelial cells
rest on a thin basement membrane. This is followed by the la-
mina propria.
The lamina propria is a compact layer of connective tissue
fibres containing blood vessels and free lymphatic cells.
The lamina propria is followed by a thin submucosa formed
of a dense layer of connective tissue fibres. This is followed by
the muscularis composed of an inner circular and an outer lon-
gitudinal layer of muscle fibres. The muscularis is surrounded
by a thin serosa formed of flattened epithelial cells and a few
connective tissue fibres.
The intestine proper differs from the duodenal part in the
number of the villi, which is only 5-6, in the very broad lamina
propria in some of the villi, and in the presence of a large num-
ber of mucous cells (Fig. 10).
Towards the posterior region, the rectum telescops into the
intestine. At the junction of these two the submucosa and the
muscularis of both intestine and rectum are appreciably thick
giving rise to an ileo-rectal valve (Fig. 11).
In the rectal region the villi are very short. The mucosa
consists of columnar epithelial cells and rounded mucous cells.
The nuclei of the epithelial cells are round or oval and basal in
position; those of the mucous cells are round, deeply staining
and centrally or eccentrically placed. The epithelium rests on a
basement membrane which is followed by the lamina propria
(Fig. 12).
In the rectal region it is difficult to distinguish the lamina
propria from the submucosa. The only difference between these
two is the absence of longitudinal muscle bundles in the lami-
na propria. The lamina propria consists of loosely arranged
connective tissue fibres and blood capillaries. The submucosa
is very thick and is formed of loosely packed connective tissue
fibres and blood capillaries. Among the connective tissue fibres
there are longitudinal muscle fibres. Nerve fibres are also pre-
sent. The submucosa is followed by a thin layer of circular mu-
scle fibres and compactly arranged longitudinal muscle fibres
forming the muscularis.
The muscularis is enveloped by a thick serosa formed of
tough connective tissue fibres and flattened cells.
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Figs. 10-13 Cross sections of: middle intestine (fig. 10, x 51), rectum (fig.
11, x 230), rectum (fig. 12, x 51), liver (fig. 13, x 307). CE, colu-
mnar cells; V,, villi; LP, lamina propria; SM, submucosa; MS,
muscularis; S, serosa; ITW, intestinal wall; RTW, rectal wall;
HE, hepatic cells; N, nucleus.
Liver
The liver is made up of regularly arranged polygonal hepa-
tic cells. Each cell possesses a fairly large, centrally placed,
rounded nucleus with distinct nucleolus. The cells are regu-
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larly arranged around the hepatic ductules. The capillaries cal-
led hepatic sinusoids are irregular and thin walled. The sinu-
soids anastomose and converge to join the large veins. The
hepatic cells are vacuolated, with highly granular cytoplasm
(Fig. 13).
Gall bladder
The wall of the gall bladder is thin and it consists of an in-
ner layer of simple squamous epithelial cells, a middle layer of
connective tissue and an outer layer of muscular tissue.
DISCUSSION
Teleosts have successfully adapted themselves to every type
of aquatic habitat. This versatility is reflected in their mode of
feeding. Fishes inhabiting the same habitat resort to different
types of feeding to avoid competition for food and also to utilize
every available source of food. They can be broadly classified
into carnivores, herbivores and omnivores. It is only natural
that depending on the kind of food the alimentary canal should
undergo suitable modifications for maximum utilisation of the
food taken.
The morphology and histology of the alimentary canal of
H. krishnai show several peculiarities which can be correlated
with its feeding behaviour.
As the lower jaw is slightly longer than the upper, the oral
aperture is subdorsal. Obviously, this fish is not a true bottom
feeder. As the gut content of the fish showed the presence of
insects, it is evident that the fish can catch small animals like
insects moving in its vicinity.
One of the organs of the alimentary system which shows
adaptive modification to a large extent is the tooth. Presence
of teeth on both the jaws indicates a carnivorous habit. In H.
krishnai the pharyngeal teeth are also well developed. It would
appear that the pharyngeal teeth help to crush the food orga-
nisms and the curved villiform jaw teeth serve to prevent the
prey from escaping. Sarbahi (1939), Al-Hussaini (1946) and Das
and Moitra (1955) have observed that the pharyngeal teeth are
mainly used to crush the food.
The stomach is reported to be absent in fishes of the fami-
lies Blennidae, Callyonimidae, Labridae and Scaridae. In cat-
fishes it is fairly well developed. H. krishnai has a bulbous sto-
mach. It should be remembered in this context that the fish is
blind and capturing live food should be accomplished with the
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help of senses other than vision. Moreover, in the underground
channels or in wells food is very scarce. Hence, for sheer sur-
vival, H. krishnai should be able to make full use of every oppor-
tunity to feed. This would explain the presence of a comparati-
vely large bulbous stomach which helps to store the food.
Though somewhat far fetched it should be pointed out that blind
or partially blind deep sea fishes have a disproportionately large
and highly distensible stomach which is definitely an adaptation
to survive in the deep-sea where food is indeed scarce.
The intestine of H. krishnai is short. Jacobshajen (1913)
found a direct correlation between the nature of the food and
the length of the intestine. According to him, carnivorous fishes
have short intestines and plant and mud feeders have long
intestines. Though Suyehiro (1942) mentioned some exceptions
to this generalisation one must admit that it generally holds
good. Barrington (]957) suggested that the length of the inte-
stine is dependent on more than one factor. Sinha and Moitra
(1975) found that the nature of the food ingested by a fish lar-
gely determines the length of the gut and the number and na-
ture of the mucosal folds. The short intestine of H. krishnai ap-
pears to indicate that this fish is a carnivore.
Histological variations in the alimentary tract are confined
to the mucosa. The mucosa shows a fair amount of variation
from the buccal cavity right up to the rectum. The most varia-
ble feature is the abundance and distribution of the mucous cells
and taste buds.
Several workers (Vanajakshi, 1938; Girgis, 1952; Mookerjee
and Ganguly, 1952;Kapoor, 1957; Pasha, 1964; Chitray, 1965 and
Agarwal and Sharma 1966) have reported the presence of taste
buds on the lips of fishes. In H. krishnai taste buds are of con-
siderable value in gustation. In H. krishnai taste buds are pre-
sent on the lips. Hence it is safe to assume that this fish is defi-
nitely a taste feeder. The presence of taste buds in the buccal
cavity of fishes has been observed by several authors (Pillai,
1953; Mohsin, 1962; Chitray, 1965 and Moitra and Bhowmik,
1967). In H. krishnai though taste buds are few on the wall of
the buccal cavity, they are abundant on the tongue. The ton-
gue controls the ~ntry of food into the oesophagus. So it is pro-
bable that the taste buds enable the fish to select desirable
items and reject undesirable ones.
The presence of mucous cells on the lips and in the bucco-
pharyngeal region has been reported in the above mentioned
publications. In H. krishnai mucous cells are abundant in the
wall of the pharynx. It seems that during feeding the pharynx
produces a large amount of mucus which would undoubtedly
help in swallowing the food probably in the form of bolus. As
the fish feeds mainly on insects it may need a lot of mucus for
lubrication.
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The mucosa of the cardiac region has a glandular epithe-
lium arranged in the form of simple tubular glands and the mu-
cosa of the pyloric region is devoid of a glandular epithelium.
But the pyloric region is provided with a pyloric sphincter. The
serrated margin of the epithelial cells of the villi is simply a
device to increase the surface area for absorption of the dige-
sted food. The pyloric sphincter helps in regulating the passage
of food into the intestine.
The intestine of H. krishnai is histologically divisible into
anterior and posterior parts. In the anterior region the villi are
taller and more abundant than in- the posterior region, showing
that absorption mainly takes place here.
The presence of an ileo-rectal sphincter in the rectum of
fishes has been reported by many authors (Al-Hussaini, 1946;
Thomas, 1975 and Sis et al., 1979). They have observed that
among the fishes they studied those with the sphincter had a
short intestine. In H. krishnai the rectal region is provided with
an ileo-rectal sphincter formed by the telescoping of the rectum
into the intestine. This helps the fish to retain the already dige-
sted food in the intestine for a longer duration, till the absor-
ption is complete. This is needed since the gut of H. krishnai is
comparatively short (RLG - 0.4).
In the subterranean waters, plant life is not possible. The
mud of the well bottom is poor in organic matter. So the only
available food in this particular habitat is animal matter such
as insects and other small crustaceans. So the subterranean
habitat made the fish to take in animal matter and the alimen-
tary canal of the fish is modified to suit this carnivorous habit.
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